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INTRODUCTION 

Coal Quality Expert 
Pro/ect Flow 

I Bench-Scale 
Choroderizotions I 

Results and Test 
Data Correlation 
and Evoluotion 

AccurateI predict the 
impod 0 r coal quality 
on overall plant costs 

and emissions 

Because the electric power generation industry must meet 
the ever increasing requirements of regulatory agencies and 
consumers, coal-fired utilities need a way to evaluate how 
specific coals will behave in their plants before purchasing 
them. Taking advantage of state-of-the-art computer 
technology, the Department of Energy and the Electric 
Power Research Institute (EPRI), under the Clean Coal 
Technology Program, are developing the Coal Quality 
Expert (CQE) , a sophisticated yet user-friendly computer 
software program. CQE can provide the utility industry 
with a PC expert system to confidently and inexpensively 
evaluate the potential for coal cleaning, blending, and 
stiitching options to reduce emissions while producing the 
lowest cost electricity. Intended to. demonstrate the 
economics and environmental benefits of cleaning coal, CQE 
will enhance the use of physically-cleaned U.S. coals to 
reduce emissions and power production costs. 

Data collected and analyzed on raw and cleaned coals during 
development of CQE will also be used to upgrade EPRI’s 
Coal Quality Information System (CQIS)--a database of coal 
characteristics and cleaning potential--and Coal Quality 
Impact Model (CQIM)--a commercialixed program that 
gives the bottom line cost of burning a given coal in a 
particular boiler. 

As part of the overall project, CQ Inc. (a subsidiary of 
EPRI) is performing Coal Cleanability Character&ions on 
20 raw coals (most of which have yet to be identified) used 
in this project. Of these raw coals, 12 will also undergo 
extensive cleaning at CQ Inc.‘s Coal Quality Development 
Center. 

Coal Cleanability Characterizations are extensive evaluations 
of a raw coal’s size, quality, and predicted cleaning potential. 
Also included are raw coal liberation studies (which 
determine the extent to which crushing liberates ash and 
pyrite) and cleaning studies to evaluate each raw coal’s 
susceptibilities to cleaning in various processes. These 
studies can help to determine whether cleaning is a cost- 
effective emissions control alternative. They also can help 
identify the source of site-specific boiler problems related to 
a coal’s quality. While providing generic information for the 
coal-producing and electric utility industries, these studies 
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are designed to satisfy the overall needs of the project and its 
participants. 

The data gathered from these tests and from coal cleaning 
tests done on project-specified raw coals will be used in 
bench-scale characterisations to assess raw coal quality, 
predict and verify the effects of coal cleaning, and finally to 
predict boiler performance and emissions for a specific coal. 
Pilot- and six full-scale combustion test burns using the 
project coals will gather additional data relating to coal 
quality impacts on specific power plant costs and 
performance. 

The results of the above laboratory and test data will then be 
evaluated and correlations made among the data to develop 
new models and validate existing models that will comprise 
the integrated CQE program. This program will allow 
detailed predictions of coal quality impacts on total plant 
capital costs, operating costs, and performance based on 
inputs from inexpensive bench-scale tests. 

Northeastern Station Test 
Program 

Public Service Company of Oklahoma (LSO) is one of the 
six host utilities involved in this project. Because Oklahoma 
utilities are mandated by Oklahoma law to burn (on a Btu 
basis) at least ten percent native Oklahoman coal, PSO is 
interested in determining to what extent the Oklahoma coal 
it burns may be responsible for slagging and fouling 
problems experienced at its Northeastern Station’s Units 3 
and 4 in Oologah, Oklahoma and if so, whether cleaning the 
Oklahoma coal can help eliminate these problems. The 
Croweburg Seam is one of the Oklahoma coal seams burned 
at the Northeastern Station. This coal is notably different 
from the coal for which these units were designed. The 
boilers at these units were designed to burn low volatile, 
subbituminous coal from the Powder River Basin. Presently 
PSO purchases this coal from Kerr McGee, which mines the 
Wyodak Seam in Wyoming. 

In order to investigate the impact of Croweburg Seam coal 
on PSO’s boilers and to gather information on whether this 
same coal can lx cleaned to decrease slagging and fouling 
and reduce emissions, a comprehensive testing plan was 
developd by the research team involved in this project. 

2 CQ Inc. * llqm%Na 91RlO3 * Jdy19,1991 



Test Plan The Test Plan called for Croweburg Seam coal to be 
physically cleaned in three different flowsheet tests so that at 
least one test would produce a minimum clean coal energy 
recovery of 86 percent. Based on the results of the 
flowsheet tests, one of the cleaned Croweburg Seam coals 
would be blended at CQ Inc. with raw Wyodak seam coal 
and shipped to Combustion Engineering in Windsor, 
Connecticut, for pilot-scale combustion tests. 

These combustion tests were designed to simulate the firing 
properties of burning a cleaned Oklahoma and raw 
Wyoming blend in the Northeastern Station’s boilers. Also, 
the information gathered from these tests would help to 
determine whether cleaning the Oklahoma coal would 
improve the overall performance of Units 3 and 4. Figure 1 
illustrates the coal sources and test sites involved in the 
Northeastern Station testing. 

Test Plan Implementation PSO provided coal mined at Peabody Coal Company’s 
Rogers County No. 2 mine located near Vinita, Oklahoma. 
The coal was surface-mined from the 12-in. to 15-m. thick 
Croweburg Seam. On July 17, 1990, five covered rail cars, 
carrying approximately 500 tons of coal directly from the 
mine, arrived at CQ In& Coal Quality Development C-enter 
(CQDC) in Homer City, Pennsylvania. In the following 
months, this coal underwent extensive flowsheet and 
laboratory testing. 

PSO also provided the Wyodak Seam coal. Presently this 
coal is purchased from Kerr McGee’s Jacob’s Ranch Mine 
near Gillette, Wyoming. On September 20, 1990, two 
trucks carrying a total of 43 tons of Wyodak Seam coal 
(taken from the Northeastern Station’s stockpile) were 
received at CQ Inc. This coal was stored and later used to 
produce the coal blends for combustion testing. A Coal 
Cleanability Character&don was also performed on this 
coal, although no flowsheet testing was done since this 
subbituminous coal is low in both ash and sulfur content. 

Coal Cleanability Characterizations routinely measure the 
extent to which a particular coal can be cleaned through a 
series of laboratory and commercial-scale tests. To date, CQ 
Inc. has characterized the cleanability of more than 30 
nationally important utility coals, including coals from 12 
states and two Canadian provinces. 
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Flgure 1. Coal Sources and Test Sites for Northeastern Station Plant Testing. 
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Specifically, a coal cleaning characterization can be divided 
into three main components: 

. Raw-coal characterization 

. Liberation studies 

. Commercial-scale cleaning tests 

A raw coal characterization uses extensive laboratory analyses 
from size and washability tests to provide general 
information about the quality of a raw coal. Liberation 
studies help determine the degree of pure coal (or mineral 
matter) that can be liberated by progressive crushing. 
Commercial-scale cleaning tests allow engineers to select and 
test coal cleaning devices capable of effectively and eficiently 
cleaning a particular coal, 

Although Croweburg Seam coal had not previously been 
characterized at the CQDC, preliminary laboratory tests on 
the delivered coal indicated that it would respond well to 
physical cleaning techniques. Using the data gathered from 
these preliminary tests, CQ Inc. engineers designed a 
comprehensive testing schedule to evaluate the properties of 
the Croweburg Seam coal. 

Of the three flowsheet tests performed, each one was 
designed to produce an improved quality clean coal, with 
one having a minimum 86 percent energy recovery. In 
order to achieve this goal, various operating parameters 
within the selected flowsheets were changed from test to 
test. 

Coal Bockground Information PSO purchases Croweburg Seam coal from Peabody Coal 
Company, Marine Coal Sales, and Patch Coal Company. At 
the time of testing, the preferred source was Peabody Coal 
Company because its operations are larger and better 
equipped to provide a supply of this particular fuel. 

As mentioned earlier, PSO purchases the majority of its coal 
from Kerr McGee’s Jacob’s Ranch Mine located in 
Wyoming’s Powder River Coal Basin. Additional coal seam 
information provided by PSO, Peabody, Kerr McGee, and 
the 1991 Keystone Coal Industry Manual is surnmarized 
below. 
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Croweburg Seam As shown in Figure 2, Croweburg Seam coal is found in 
three states: Oklahoma, Kansas, and Missouri. The seam 
ranges in thickness from approximately 12 to 42 inches. 
The coal in this seam is classified as medium-high volatile 
bituminous with sullkr contents ranging between 0.4 
percent and 10.0 prcent and as-received heating values in 
excess of 10,000 Btu/lb. Typical uses of this coal are for 
steam generation and in lime and cement kilns. Table 1 
shows Croweburg Seam coal production by state. 

Figure 2. Croweburg Seam Cool 

Table 1. Crowaburg Seam Coal Production. (Tons) 

YeClr - 

1987 
1988 
1989 
1990 

Oklahoma Missouri 

845,000 25,000 
440,000 32,000 
539,000 41,000 

Figures not yet available 

Kansas 

180,000 
95,000 

145,000 
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Typically, coal beds in Oklahoma are 0.8 to 10 feet thick, 
0.4 percent to 6.5 percent sulfur and contain from 11,500 to 
14,500 Btu’s. Utility-used coal (in 1986) averaged 3.0 
percent sulfur, and total coal production statewide averaged 
2.5 percent sulfur. The Oklahoma Department of Mines 
reported 1.77 million short tons of coal produced in 1986. 
In 1987, with passage of the state law requiring Oklahoma 
power plants to burn at least 10 percent Oklahoma Coal (by 
Btu value), more than 50 percent of the 1.8 million tons of 
Oklahoma coal produced was being shipped to the 
Oklahoma electric utilities, Public Service Company of 
Oklahoma (PSO) and Oklahoma Gas and Electric Company 
(OG&E). 

Oklahoma. In Oklahoma, most of the Croweburg Seam 
coal contains less than one percent sulfix (with an average of 
0.6 percent) but in the southernmost region (Okfuskee 
County), it contains from 1.4-3.5 percent sulfur. 
Croweburg coal has been the leading coal produced in 
Oklahoma. It is high volatile A and B bituminous in rank 
and is generally 1 to 3.5 feet thick. 

Overburden (40 to 100 feet thick) consists of a thin black 
shale, thick gray shale, silty sandstone, Verdigris limestone, 
shale, sandstone, and the Iron Post Seam coal. 

In 1988 nine surface mines produced 440,855 tons of this 
coal. This figure is 21 percent of the state’s total production 
of 2.12 million tons. The Croweburg Seam is mined in 
Craig, Rogers, Nowata, Tulsa, Okmulgee, and Wagoner 
counties. 

In 1988, all the coal produced in Oklahoma (including the 
Croweburg Seam) was produced from surface mines. 
However, in 1989 one underground slope mine was opened 
in the Croweburg Seam. Since 1987 over 90 percent of all 
the Croweburg Seam coal produced in Oklahoma was 
shipped to utilities. (A specific breakdown was not 
available.) The remainder was sold to brokers and small 
lime and cement kilns. Table 2 shows a breakdown, by 
year, of Croweburg Seam in Oklahoma. 
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Table 2. Uses of Croweburg Seam Coal in Oklahoma 

Year Production Sold to Utilities Other - __ 

1987 845,000 765,000 80,000 
1988 440,000 400,000 40,000 
1989 539,000 485,000 53,000 
1990 Figures not yet available 

Approximately 687 million tons of recoverable Croweburg 
Seam coal remains in Oklahoma. Of this total, 53 million 
tons are in Craig County. Croweburg coal has been known 
as Broken Arrow, Henrietta, and Sequoyah coal. 

Missouri. Croweburg Seam coal, in Missouri, lies in the 
lower part of the Pennsylvanian strata and is of Middle 
Pennsylvanian age. It is a thin seam that is widespread and 
persistent. In west Missouri this seam ranges in thickness 
from 11 to 30 inches and is currently being surface mined in 
Vernon County. 

As-received analyses give average values for the following 
parameters: 

. Moisture 14.1 

. Ash 8.9 

. SUlfiX 4.3 

. Btu/lb 11,051 

In north central Missouri, the Croweburg is an important 
reserve in six counties, where it ranges in thickness from 17 
inches to 36 inches. In Henry County it is often mistakenly 
called the Bevier. Other names used to identify Croweburg 
Seam coal in Missouri are: 

. One Foot 

. Lower Ardmore 

. Moundville 

. Soadstone 

. Little Tebo 

. Fire Clay 
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Kansas. Presently, in Kansas, Croweburg coal is found in 
three counties: Bourbon, Cherokee, and Crawford. Total 
recoverable reserves of this seam are approximately 45 
million tons. These reserves are found in the Southeastern 
Kansas Coal Field. 

Overall the seam has an average thickness of 14 inches and 
is mined in Crawford County. A typical analysis follows: 

. Moisture (Wt %) 4 

. Ash (Wt %) 17 

. Sulfur (Wt 96) 4 

. Btu/lb 12,000 

. Dry Btn/lb 14,800 

. Ash-softening 2,200”F 

Other names used to identify this coal are: 

. One Foot 

. Cat0 

. Huntsinger 

. Mud Seam 

. Fire Clay 

Of the total Croweburg Seam coal mined in Kansas, over 
117,000 tons are produced at two mines; the rest is 
produced by smaller operators. The coal is predominately 
used in steam production. 

In conclusion, Croweburg Seam coal, where it is found, 
averages less than eighteen inches in thickness with 
overburden heights up to 100 feet. Recovery of this coal in 
many areas is uneconomical, and often it is mined in 
conjunction with other seams. Its relatively high heating 
values make it a good fuel for lime and cement kilns and in 
some areas its sulhrr content is low enough for it to be 
classified as “compliance” coal. Table 3 gives a breakdown 
of Croweburg Seam coal by state and the known recoverable 
reserves. 
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Wyodak Seam Cool 

Table 3. Recoverable Reserves of Croweburg Seam Coal 

Seam Thickness Recoverable Reserves 
State - (ft.) (million tons) 

Oklahoma 1.1-3.4 657 
Missouri 1.4-3.0 256 
KCltlSClS 1.0-l .5 45 

Due to the increasing development of the vast nearby 
Powder River Basin coal resources, it is unlikely that 
Croweburg Seam coal will gain further importance or make 
significant contributions to the energy requirements of users 
outside their native states. 

The Wyodak Seam is one of the many seams mined in the 
vast Powder River Basin. As shown on the map in Figure 
3, the Powder River Coal Basin is situated in northeast 
Wyoming and includes Campbell county and prtions of 
Sheridan, Crook, Weston, Niobra, Converse, Natrona, and 
Johnson Counties. A total of eighteen mines, owned by 
fifteen different companies mined 142.4 million tons during 
1988. This coal field also extends into the southeast prtion 
of Montana in the counties of Big Horn, Powder River, 
Rosebud, Custer, and Garfield. Here five mining companies 
with six mines produced 38.7 million tons of coal from the 
Powder River Basin. This represents over ninety percent of 
the state’s rota1 production. 

The Wyodak Seam coals produced in Wyoming and 
Montana are shippd primarily to utilities in the Central and 
Gulf states. A limited amount is used to fuel power plants 
in their native states. 

thfyoming. In 1988, 97.5 percent of the coal mined in 
Wyoming was used to fuel power plants in Wyoming and 
eighteen other states, one of which is Oklahoma. Public 
Service Company of Oklahoma bums Powder River Basin 
coal supplied by Kerr-McGee’s Jacob’s Ranch Mine. 
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Figure 3. Wyodak Seam Coals. Powder River Bosh Coal. 

The Jacob’s Ranch mine, located in Campbell County, mines 
coal from the Wyodak Seams; Upper, Middle, and Lower. 
Total thickness of the three seams is about sixty-five feet 
with approximately 150 feet of overburden. The coal 
produced is sub-bituminous with heating values ranging 
between 8,300 and 8,800 Btu’s. Ash content generally falls 
between 4.8 and 7.7 percent with sulfirr content between 
0.3 and 0.8 percent. These values are typical for the 
Wyodak seam. 

This seam is frequently 50-100 feet thick and extends for 
more than 100 miles along the eastern side of the Powder 
River Basin. This seam has been called the Wyodak- 
Anderson and Anderson Canyon and Smith Roland coal. 

The reserve of coal that can be mined (at 19 billion tons) 
makes it perhaps the largest single coal bed in the United 
States. An average moisture-free analysis typical of most 
Wyodak Seam coal is summarized in Table 4. 
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Table 4. Typical Wyodak Seam Cool Analysis 

Moisture (Wt 96) 29.8 
Volatile Matter (Wt %) 30.7 
Fixed Carbon (Wt %) 33.5 
Ash (Wt %) 6.0 
Sulfur (wt %) 0.5 
Btu/lb 8,220 

North of Gillette, the Wyodak Seam remains intact, but in 
some locations partings separate it into two or three seams. 
Other names for this coal are Smith Roland and Anderson 
Canyon. The Anderson Canyon Seam is also found in 
Montana. 

~ontona. Of the nine active mines in Montana’s Powder 
River Basin, three of them are mining the Anderson Canyon 
(or Anderson) Seam. This activity accounted for 15.4 
million tons in 1988 and 16.1 tons in 1989 (which is 40 
percent of the state’s production in 1988 and 43 percent in 
1989). These figures show an increase in production in the 
Anderson Seam while coal production for the entire state 
decreased by four percent during that same period. 

Approximately 99 percent of the coal mined in Montana is 
used for pwer generation, with the remaining is used for 
home heating. Besides Montana utilities, utilities in four 
other midwestem states and one southern state (Louisiana) 
currently purchase coal from companies mining the 
Anderson Seam. These midwestern states are Indiana, 
Michigan, Minnesota, and Wisconsin. 

Analyses show a sulfur range from 0.11 to 1.63 percent, ash 
from 3.8 to 10.6 percent, and heating values averaging 9280 
Btu/lb. 

About 50 billion tons of coal that can be mined remains in 
the Powder River Basin. The companies presently mining 
the Anderson Seam hold approximately 6.3 billion tons of 
recoverable reserves. 

12 CQk. * RcponNo. 91lUO3 - July 19, lW1 



RAW COAL CHARACTERISTICS In mid-1990, approximately 500 tons of Croweburg and 40 
tons of Wyodak raw coals were shipped to CQ Inc.‘s Coal 
Quality Development Center (CQDC) in western 
Pennsylvania. Six-ton samples of each coal were collected at 
CQDC’s primary sampler as each was received. These 
samples were sent to the laboratory where they were split 
into one-ton subsamples, which were used for raw-coal 
characterisation tests. The laboratory performed the 
following tests on the raw coals: 

. Screen Analysis 

. Washability Analysis 

. Head Analysis 

. Trace Element Analysis 

Summaries of the raw coal laboratory data are given in 
Tables 5 through 8. Detailed laboratory specifications and 
raw coal data are given in Appendix A. Analyses from these 
tests allow general statements to be made about the quality 
of the raw coals. They also allow evaluation of cleaning 
scenarios other than those tested at commercial scale. 
Summaries of the raw coal data are given in Tables 5 
through 8. Detailed raw coal data are found in Appendix A. 

Croweburg Seam Raw Coal 
Characteristics 

The raw Croweburg Seam coal had a total moisture content 
of 9.42 percent and the following general characteristics, 
reported on a dry, weight percent basis: 

Size Analysis 

. Ash (Wt 96) 13.16 

. Volatile Matter (Wt 96) 33.76 

. Fixed Carbon (Wt %) 53.08 

. Total Sulfur (Wt %) 0.69 

. Pyritic surur (Wt %) 0.28 

The Croweburg raw coal had a calculated dry, mineral 
matter-free fixed carbon value of 70, which according to 
ASTM classifications, places it in the medium volatile 
bituminous class. This is typical of Croweburg seam coal 
from northeastern Oklahoma. 

Raw coal size data are summarized in Table 6 and detailed 
raw coal size data are in Appendix A. This information 
shows that the smallest size fraction (minus 200 mesh) 
contains the highest percentage of ash and the lowest sulfnr 
content. Some beneficiation of this coal can be achieved by 
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sizing alone. For example, removing the minus 200 mesh 
size fraction during cleaning reduces the ash content of the 
coal from 13.5 percent to 10.7 percent. Since the raw coal 
is low in sulfur to begin with, such removal would have 
little effect on total sulfur or SO, emissions ptential. 

Table 5. Raw-Coal Quality Summany. Crowburg Seam Cool (Dry Basis). 

PROXIMATE ANALYSIS 
Totol Moisture (Wt %) 
Ash (Wt %) 
Volatile Matter (Wt 56) 
Fixed Carbon (Wt %) 

9.42 
13.16 
33.76 
53.08 

Heating Value (Btu/lb) 
Sulfur 

Total (Wt %) 
Pyritic (Wt %) 
Pyritic/Totol (%) 

SO, (Ib/MBtu) 

12,672 

0.69 
0.28 
41 
1.09 

Ash (Ib/MBtu) 10.39 
Hardgrove Grindability (HGI) 62 
Chlorine (Wt %) 0.24 
LiO, (Wt % in Ash) 0.01 

ULTIMATE ANALYSIS 
Carbon (Wt %) 
Hydrogen (Wt %) 
Nitrogen (Wt %) 
Sulfur (Wt %) 
Ash (Wt %) 
Oxygen (Wt %) 

71.02 
4.41 
1.50 
0.69 

13.16 
9.22 

SIZE DISTRIBUTION (Wt %) 
+l l/2-in. 
1 l/2-in. x 3/4-k 
3/4-in x 318-k. 
3/8-in. x 28M 
28~ x 1 OOM 
1OOM x 200M 
200M x 0 

1.5 
19.2 
22.4 
44.4 

4.8 
1.4 
6.4 
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Table 5. Raw-Cool Quality Summary (Continued). Croweburg Sean Cool, (Dv BosisJ 

ASH FUSIBILIlY [“F) 
(Reducing/Oxidizing) 

Initial Deformation 
Softening 
Hemispherical 
Fluid 

2064/2 147 
2111/2207 
2149f2267 
2215/2357 

ASH COMPOSITION (Wt %) 
SiO, 
AI&‘, 
Fe&% 
coo 
49 
Na,O 
V’ 
TiO, 
MnO, 
PPS 
so, 

47.04 
15.69 
11.24 
16.51 

1.32 
0.64 
2.47 
0.70 
0.22 
0.37 
2.19 

Ash Type Lignitic 
Slogging Index 2105 (high) 
Fouling Index 0.64 (low) 
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Table 6. As-Received Raw Coal Size Data. Croweburg Seam Cool, 

Size Size 
Passed Retained 

1 1/2-k. 

3/4-in. 

3/8-k. 

28 mesh 

100 mesh 

200 mesh 

1 l/Z-in. 

3/4-in. 

3/8-b. 

28 mesh 

100 mesh 

200 mesh 

Wyodak Seam Row Coal 
Characteristics 

size Analysis 

wt% - Ash - Sulfur 
Cumulative 

&I 

1.49 11.53 0.65 11.53 

19.18 9.35 0.60 9.50 

22.36 8.99 0.70 9.24 

44.36 10.70 0.70 9.98 

4.79 19.26 0.79 10.46 

1.42 25.63 0.83 10.69 

6.40 54.11 0.52 13.47 

As shown in Tables 7 and 8, the raw Wyodak coal had a 
total moisture content of 31.63 percent and the following 
general characteristics, reported on a dry weight prcent 
basis: 

. Ash (Wt %) 6.68 

. Volatile Matter (Wt 96) 43.48 

. Fixed Carbon (Wt %) 49.84 

. Total SLIG (Wt 96) 0.54 

. Pyritic SulfLlr (Wt %) 0.11 

The as-received Wyodak raw coal had a calculated moist, 
mineral matter-free Btu value of 8,782 which, according to 
ASTM classifications, places it in the subbituminous C class. 
This is typical of the Wyodak Seam and other coals from the 
Powder River Basin. 

As-received raw coal size data are sumrnarized in Table 8 
and detailed raw coal size data are in Appendix B. This 
information shows that the smallest size fraction (minus 200 
mesh) contains the highest percentage of ash and a relatively 
low sulfur content. However, no real beneficiation of this 
coal can be achieved by sizing alone. 
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Table 7. Row Coal Quality. Wpdak Seam Cool (Dry B~s;~). 

PROXIMATE ANALYSIS 

Total Moisture (Wt %) 31.63 
Ash (Wt %) 6.68 
Volatile Matter (Wt 96) 43.48 
Fixed Carbon (Wt %) 49.84 

Heating Value (Btu/lb) 
Sulfur 

Total (Wt %) 
Pyritic (Wt %) 
Pyriticflotal (%) 

SO, (Ib/MBtu) 

11,919 

0.54 
0.11 
21 
0.91 

Ash (Ib/MBtu) 6.68 
Hardgrove Grindability (HGI) 57 
Chlorine (Wt 96) 0.04 
LiO, (Wt % in Ash) 0.01 

ULTIMATE ANALYSIS 
Carbon (Wt %) 
Hydrogen (Wt %) 
Nitrogen (Wt %) 
Sulfur (Wt %) 
Ash (Wt %) 
Oxygen (Wt %) 

SIZE DISTRIBUTION (Wt %) 
+l l/2-in. 
1 l/2-in. x3/4-in. 
3/4-k x 3/8-in. 
3/8-in. x 28~ 
28M x 1OOM 
1 OOM x 200M 
200M x 0 

68.14 
4.94 
0.92 
0.54 
6.68 

18.78 

2.69 
13.78 
27.82 
45.03 

4.71 
1.31 
4.66 
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Table 7. Raw Coal Quality Summary (Continued). Wyodok Seam Coal (Dry Basis). 

ASH FUSIBILITY p F) 
(Reducing/Oxidizing) 

Initial Deformation 
Softening 
Hemispherical 
Fluid 

1990/2 170 
2075/2215 
2079/2218 
2082/2226 

ASH COMPOSITION (Wt %) 
SiO, 
A&O, 
F+03 
CaO 
MgO 
Na,O 
W 
TiO, 
MnO, 
p,o, 
so3 

32.55 
14.08 

6.37 
20.48 

3.73 
0.84 
0.49 
0.60 
0.06 
1.25 

17.30 

Ash Type Lignitic 
Slagging Index 2105 (high) 
Fouling Index 0.64 (low) 
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Table 8. As-Received Raw Coal Size Data. Wyodak Seam Cool 

Size Size 
Passed Retained 

1 l/2-in. 

3/4-in. 

3/8-in. 

28 mesh 

100 mesh 

200 mesh 

1 1/2-k. 

3/4-in. 

3/8-in. 

28 mesh 

100 mesh 

200 mesh 

wt% - 

2.69 6.77 0.41 6.77 

13.78 5.79 0..45 5.95 

27.82 5.87 0..50 5.90 

45.03 6.15 0..55 6.03 

4.71 7.39 1.10 6.09 

1.31 8.22 1.19 6.12 

4.66 17.78 0.67 6.67 

Ash Sulfur 
Cumulative 

Ash 
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LIgEltATION POTENTIAL Physical coal cleaning processes can only separate physically 
discrete particles. If a single particle is composed of 50 
percent coal and 50 percent mineral matter, the mineral 
matter must be accepted as part of the clean coal or part of 
the refuse. Crushing the particle to produce a number of 
smaller particles can change the relative compsition of the 
new particles. If complete liberation occurs, each new 
particle will be composed of pure coal or pure mineral 
matter. However, it is not currently cost effective to crush 
or grind any coal fine enough for complete liberation, but 
increasing the degree of liberation can increase the amount 
of energy recovered from the raw coal during the cleaning 
process, thereby reducing cleaning costs. Detailed raw coal 
liberation data are found in Appendices C and D. 

This investigation quantified the impact of progressive 
crushing on the Croweburg and Wyodak seam coals. In this 
study, various subsamples of the raw coal were crushed to 
topsizes of 3/4-m., 3/8+x, 28 mesh, and 100 mesh. Each 
subsample was then subjected to washability analyses and 
compared to their respective raw coals. 

Croweburg Seam Coal Figures 4, 5, and 6 depict the composite washability of all 
size fractions of the uncrushed Croweburg Seam coal and 
the same coal crushed to four different topsizes. Figure 4 
shows that progressive crushing liberates sulfur, which 
would also lower sulfur dioxide emissions (Figure 5) while 
significantly increasing energy recoveries. Since this coal is 
already a compliance coal, the benefits achieved in lowering 
the SO, emissions potential from 1.1 down to 0.75 
Ibs/MBtu may not offset the energy costs associated with 
crushing and cleaning fine-sized. As for the ash content, 
illustrated in Figure 6, crushing can produce significant 
reductions in ash-forming mineral matter. 

20 CQInr. * R+wmNo. 91RlO.3 * July 19,199l 



, 

20 1 , I I I I 
0.45 0.5 0.55 0.6 0.65 0.7 

Sulfur (wt%) 

Uncrushed 3/4-in x 0 3/8-k x 0 28M x 0 1OOM x 0 
* - -b - - 

Figure 4. Liberation Potential. Cmweburg Seam Cool. 
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Figure 5. SO, Liberation Polenllal. Croweburg Swam Coal. 
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Wyodak Seam Cool 

80 - 

60 - 

40 - 

201 
0 2 4 6 8 10 12 14 1 

Ash (Wt%) 

Uncrushed 3/4-k x 0 3/E-inx0 28MxO lOOMx0 
* * * - - 

Figure 6. Ash Liberation Potential. Cmweburg Seam Coal. 

The liberation studies done on this coal show somewhat 
similar relationship to the Croweburg Seam coal between 
crushing and the degree of achievable liberations. As 
Figures 7 and 8 appar to indicate, sulfur and the resulting 
SO, emissions potential are reduced by crushing as well as 
providing significant ash reductions (Figure 9). However, 
this is probably attributable to noise in the data since there 
are some discrepancies between the amounts of 
contaminants in the various size fractions. Therefore, 
crushing Wyodak Seam coal to achieve ash and sulfiu 
reductions is not likely to be effective. 
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Figure 7. Sulfur Liberation Potential. Wyodok Scorn Cool. 
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Figure 8. SO, Liberation Potential. Wyodok Seam Cool. 
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Figure 9. Ash Liberation Potential. Wyodok Seam Coal. 
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WASHABILITY STUDIES A washability analysis is a laboratory float/sink test in which 
a sized sample of coal is placed in a series of liquids of 
known specific gravity. These liquids are used to partition 
the coal sample into a series of specific gravity fractions. 
Coal particles, which are relatively light, float; mineral 
particles, which are denser than coal, sink. These laboratory 
separations or washability studies are used to theoretically 
determine the most profitable way to clean a particular coal 
as well as evaluate the types of equipment to use in cleaning. 
The degree to which these laboratory results directly reflect 
the performance of commercial coal cleaning equipment 
depends on the equipment used, methods of operation, clean 
coal quality desired, and raw coal characteristics. 

Raw coal liberation data can be used in washability studies 
to determine the degree of cleaning possible. One of the 
uses of cumulative float data is the evaluation of the 
percentage of near gravity material (the amount of feed 
material within plus or minus 0.1 specific gravity unit of the 
specific gravity of separation) in the coal. These evaluations 
help predict the ~diffrculty that might be expected when 
making separations at certain specific gravities. 

Croweburg Seam Coal 

Percent Near Gravity Particles Difficulty in Separation 

o-7 Simple 
7-10 Moderately Difficult 
12-15 Difficult 
15-20 Very Difficult 
20-25 Exceedingly Difficult 
Above 25 Formidable 

Raw coal liberation data are also used to help determine 
operating parameters of cleaning processes and equipment. 

Table 9 illustrates the cumulative float-sink data from the 
liberation studies performed on the Croweburg Seam coal. 
From these data it was concluded that separations at specific 
gravities above 1.45 would be simple, whereas those below 
1.45 would be moderately diff%.zult at best. 
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Table 9. Cumulative Float-Sink. 

Sink - 

1.250 
1.300 
1.350 
1.400 
1.450 
1.500 
1.550 
1.600 
1.800 
2.000 
2.450 

Float - 

1.250 
1.300 
1.350 
1.400 
1.450 
1.500 
1.550 
1.600 
1.800 
2.000 
2.450 

l Interpolated values 

wt(slo) 

26.58 
68.81 
77.93 
82.10 
83.16' 
84.22' 
85.29' 
86.37 
87.86 
90.79 
93.65 

100.00 

The above data were used to construct the theoretical yield 
curve shown in Figure 10. Line graphs such as these - 
provide general information concerning the operation of the 
equipment used to clean this coal. The “knee? of the curve 
generally represents the economic limit for quality 
improvement through cleaning because the relationship 
between yield and quality deteriorates below this point. 
Using this criterion, cleaning Croweburg coal below a 
specific gravity of approximately 1.4 is not likely to be 
economical. 

Another line graph, shown in Figure 11, “Energy Recovery 
versus Specific Gravity,” indicates the approximate specific 
gravity where separations should occur to produce a desired 
energy recovery. One of the coal cleaning specifications for 
this program was to produce cleaned coals with a minimum 
of 86 percent energy recovery. The graph shows that any 
gravity separation above 1.40 should produce the desired 
coal quality. 
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Figure 10. Theoretical Yield Curve. Cmweburg Seam Cool 
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Figure 11. Theoretical Energy Recovery Curve. Croweburg 
Seam Coal. 
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Wyodak Seam Coal 

In summary, the analysis of the raw coal data indicated that 
the Croweburg Seam coal could be physically cleaned to 
produce three levels of improved quality coals. 

Although it was not the intent of this project to perform 
actual commercial-scale cleaning studies on the Wyodak 
Seam coal, evaluations of the potential cleanability were 
done. Table 10 summarizes the cumulative float-sink data 
for the raw Wyodak coal. 

Table 10. Cumulative Float-Sink 

Sink - 

1.250 
1.300 
1.350 
1.400 
1.600 
1.800 
2.000 
2.450 

Float m 

1.250 9.11 
1.300 64.18 
1.350 80.82 
1.400 90.39 
1.600 97.31 
1.800 98.78 
2.000 99.24 
2.450 99.64 

100.00 

From this information, separations above 1.60 would be 
simple, while those from 1.40 to 1.60 would be moderately 
difficult. Theoretically, a 1.50 specific gravity separation 
should produce a yield in excess of 90 percent with a 90 
percent energy recovery. These values were obtained from 
the theoretical curves illustrated by Figures 12 and 13. 

This study shows that although it may not be desirable to 
clean Wyodak Seam coal at the present time, cleaning could 
be performed if it became required as part of future 
emission or toxic control programs or to increase thermal 
efficiency. 
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Figure 12. Theoretical Ykld Curve. Wyodok Seom Coal. 
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Seam Cool. 
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COAL CLEANING EVALUATION The Croweburg Seam coal was cleaned u&zing a flowsheet 
consisting of three main separating devices: heavy-media 
cyclones (HMC), water-only cyclones (WOC), and froth 
flotation cells (FF). Following a series of set-up tests, three 
flowsheet tests were conducted, with the circulating specific 
gravity of the HMC circuit varied for each test. Cyclone 
apex diameters, vortex finder lengths, and frother/collector 
dosages were also varied from test to test. Compnents of 
these flowsheets are summarized in Table 11. 

Table 11. Croweburg Flowsheet Configurations 

Feed Size to Cleaning Device 

Test CQ Run Plant HMC 
No. No. Feed HMC - woe E S.G. 

1 90051901 Crushed 3/4” x 0 3/4” x 28M 28MxO 1 OOM x 325M 1.55 

2 90051902 Crushed 3/4” x 0 3/4’ x 28M 28MxO 1 OOM Y 325M 1.40 

3 90051903 Crushed 3/4’ x 0 314” x 28M 28MxO 1 OOM x 325M 1.80 

Figure 14 shows the HMC-WOC-FF flowsheet used for the 
tests. The run-of-mine coal was crushed to 3/4-in. topsize 
and fed to the plant at a rate of 15 tons per hour. The raw 
coal was fed to a double-deck, raw-coal de&me screen; the 
screen’s top deck scalped off coal larger than 3/4-in., and the 
bottom deck was fitted with 0.5mm profile wire, resulting 
in a 28 mesh separation. The 3/4-m x 28M coal was mixed 
with a heavy-medium suspension of finely-ground magnetite 
in water and pumped to a 14-in.-diameter Roberts & 
Schaefer heavy-media cyclone. Both the HMC clean coal 
and refuse products were drained and rinsed of medium on 
a combination of sieve bends and vibrating screens, and 
dewatered in separate basket centrifuges. 

30 CQ Inc. * Rqort No. 91RlO3 * ,u!y 19,lPPl 



I 



The 28M x 0 raw coal (deslimed screen underflow) was 
slurried and cleaned in a two-stage, middlings recirculation, 
water-only cyclone circuit consisting of a Krebs lO-in.- 
diameter primary cyclone and a Krebs 6-in-diameter 
secondary cyclone. The 28M x 0 primary WOC overflow 
was sized at 100 mesh by a VariSieve fine coal sieve bend, 
with the 28M x 1OOM clean-coal product dewatered by a 
screen-bowl centrifuge and the 1OOM x 0 underflow routed 
to a froth flotation sump. This material was pumped from 
the flotation sump to a bank of seven 4-in.-diameter 
thickening cyclones and classified at a nominal size of 325 
mesh. The 1OOM x 325M material was conditioned with 
frotber and collector, and fed to two banks of four 21 cubic 
foot WEMCO froth flotation cells. The clean coal 
concentrate was dewatered in a screen-bowl centrifuge and 
then discharged onto the clean coal conveyor, along with the 
28M x 1OOM primary WOC overflow and 3/4-in. x 28M 
HMC overflow products. The froth tailings, thickening 
cyclone overflow, and secondary WOC underflow were 
thickened in a static thickener, and then dewatered by a 
solid-bowl centrifuge. These refuse materials were 
subsequently discharged onto the refuse conveyor, along 
with the dewatered HMC underflow product. 

Flowsheet Pedormance Coal cleaning produced relatively high weight yields and 
energy recoveries for all three flowsheets (Table 12). 
Flowsheet 2 had a yield of 80 percent and an 89 percent 
energy recovery while the yield of Flowsheet 1 increased to 
82 percent with an energy recovery of 91 percent. Overall, 
Flowsheet 3 produced the highest yield (87 percent) and the 
greatest energy recovery (91 percent). Note that all of the 

. Flowsheet tests produced energy recoveries that exceeded the 
targeted parameter of 86 percent. Even at these high 
energy recoveries, significant reductions in ash and SO, 
emissions potential were obtained with all flowsheets. 
Flowsheet 1 reduced the ash 57 percent and the SO, 14 
percent, Flowsheet 2 reduced the ash 67 percent and the 
SO, 19 percent, and Flowsheet 3 reduced the ash 54 percent 
while reducing the SO, 16 percent. 

Appendix E gives weight-percent yields (Wt %) and tons- 
per-hour yields of the various components used in the three 
flowsheet tests. 
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Table 12. Flowsheet Performance 

Performonce Parameters Flowsheet 1 Flowsheet 2 Flowsheet 3 

Yield (Wt %, Dry) 82 80 87 
Energy Recovery (%) 91 90 95 
Ash Removal (Wt 96) 61 71 57 
Ash Reduction (%) 57 67 54 
SO, Reduction (46) 14 19 16 

Combustion Related laboratory 
Analysis 

Table 13 compares imprtant raw coal and clean coal 
parameters. The table shows that all three flowsheets 
significantly lowered the ash content of the raw coal. The 
raw coal ash of 10.39 Ib/MBtu was lowered to 4.79 
lb/MBtu by Flowsheet 1, to 3.42 Ib/MBru in Flowsheet 2, 
and to 4.91 lb/MBtu in Flowsheet 3. Cleaning also 
decreased the SO, emission potential of the raw Croweburg 
coal. From a raw coal value of 1.09 Ib/MBtu, Flowsheet 1 
produced an emissions potential of 0.90 Ib/MBtu, Flowsheet 
2 produced an SO, value of 0.88 lb/MBtu, and Flowsheet 3 
reduced the SO, potential to 0.95 Ib/MBtu. 

As should b-e expected because of the significant reductions 
in the non-combustible mineral matter content of the raw 
coal, the dry heating value of the raw coal was increased 
from a raw coal value of 12,672 Btu/lb to 13,854 Btu/lb, 
14,168 Btu/lb and 13,728 Btu/lb in Flowsheets 1 through 
3, respectively. 

In addition to the above commonly measured parameters of 
ash, &fur, and Btu, the following additional laboratory 
analyses were also performed to evaluate the ckaning of 
Croweburg Seam coal: 

. Ash composition 

. Ash fusibility 

. Hardgrove grindability 

. Proximate analysis 

. Ultimate analysis 
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Table 13. Raw and Clean Coal Comparisons. (Dry BOS~S, Except Where Noted). 

Ash 
SO, 

Raw Coal Flowsheet 1 Flowsheet 2 Flowsheet 3 

10.39 Ib/MBtu 4.79 Ib/MBtu 3.42 Ib/MBtu 4.91 Ib/MBtu 
1.09 IblMBtu 0.90 Ib/MBtu 0.88 Ib/MBtu 0.95 Ib/MBtu 

Ash Composition (Wt %) Ash Basis, SO, Free, Normolized to 100% 

Raw Coal Flowsheet 1 Flowsheet 2 Flowsheet 3 

so2 48.90 50.35 54.43 49.76 

A&‘, 16.31 18.93 21.37 16.37 

WA 11.68 11.78 11.40 12.52 
coo 17.16 13.43 6.29 16.13 

MgO 1.37 1.45 1.65 1.34 
Na,O 0.67 0.52 0.56 0.36 

W 2.57 2.80 3.53 2.52 
TiO, 0.73 0.44 0.54 0.72 
MnO, 0.23 0.18 0.10 0.22 

PA% 0.39 0.12 0.11 0.07 

Total 100.00 100.00 100.00 100.00 

Ash Fusion Temperatures (“F) (Reducing/Oxidizing) 

Raw Coal Flowsheet 1 Flowsheet 2 Flowsheet 3 

Initial 
Deformation 
Softening 
Hemispherical 
Fluid 

2064/2147 2068/2254 2164/2289 2091/2121 
211 l/2207 2163/2293 223312331 2118/2178 
2149/2267 2191/2348 2283/2425 2136/2197 
221512357 22 18/2382 242212510 2160/2291 
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Table 13. Raw and Clean Cool Comparisons (Continued). (Dry Basis, Except Where Noted). 

Hardgrove Grindobility Index (HGI) at Stated Residual Moisture 

Raw Coal 

62 @ 3.08 

Flowsheet 1 

57 @ 3.91 

Flowsheet 2 

58 @ 4.30 

Flowsheet 3 

56 @ 3.91 

Heating Value 
(Dry, Btu/lb) 12,672 13,854 14,168 13,728 

Proximate Analysis (Wt %) 

Raw Coal Flowsheet 1 Flowsheet 2 Flowsheet 3 

Ash 13.16 
Volatile Matter 33.76 
Fixed Carbon 53.08 
Sulfur 

Total 0.69 
Sulfate 0.01 
Pyritic 0.28 

6.63 4.84 6.74 
35.16 37.53 35.49 
58.2 1 57.63 57.77 

0.62 0.62 0.65 
0.01 0.01 0.02 
0.17 0.13 0.18 

Ultimate Analysis (Wt %) 

Carbon 71.02 68.18 79.39 76.75 
Hydrogen 4.41 4.91 5.06 4.90 
Nitrogen 1.50 1.95 1.91 1.71 
Sulfur 0.69 0.62 0.62 0.65 

Oxygen 9.22 7.45 8.18 9.25 

This information may be useful to boiler operators and 
provides insight into the change in the coal’s combustion 
characteristics with cleaning. 

Ash Composition. Coal cleaning can affect ash composition, 
potentially changing the behavior of ash in the boiler. As 
Table 13 also shows, coal cleaning significantly changed the 
weight percent (Wt %) of most of the ash constituents. 
Calcium oxide decreased from a raw coal value of 17.16 
percent to as low as 6.29 percent in Flowsheet 2; sodium 
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oxide was lowered from 0.67 prcent in the raw coal to 0.36 
percent in Flowsheet 3; phosphorous oxide decreased from 
0.39 percent in the raw coal to 0.07 percent in Flowsheet 3; 
and titanium oxide was lowered from 0.73 percent in the 
raw coal to 0.54 percent in Flowsheet 2. However, the 
concentrations of iron oxide, was increased from 11.68 
percent to as high as 12.52 percent in Flowsheet 3. 

Overall, Flowsheet 2 caused sign&ant increases in the 
concentrations of aluminum oxide (from 16.37 to 21.37 
percent), silicon oxide (from 48.90 to 54.43 percent), 
magnesium oxide (from 1.37 to 1.65 percent), and 
potassium oxide (from 2.57 to 3.53 percent). 

Of particular interest to power generating companies such as 
I’S0 are the concentrations of sodium and potassium in the 
ash of coal since, in sufficient quantity, these elements may 
contribute to boiler fouling problems. The CQ Inc. 
commercial-scale cleaning tests significantly reduced the 
concentration of sodium in the ash of all of the cleaned 
coals. However, the concentration of potassium was 
increased in two of the three flowsheet tests. 

Overall, as illustrated by Figures 15 and 16, Flowsheet 3 
produced more reductions of ash constituents than the other 
flowsheers. All three tests produced significant reductions in 
many of the ash constituents, but only Flowsheet 2 (which 
used the lowest specific gravity of separation) altered its ash 
composition enough to change the ash’s slagging 
classification from a lignitic type ash to an Eastern type ash. 

Ash Fusibility. Of the reported ash fusibility data, the initial 
deformation and fluid temperatures are usually of primary 
concern. The initial deformation temperatures and the fluid 
temperatures of the ash of the raw coal were not changed 
significantly by the cleaning done in Flowsheets 1 and 3. 
There were, however, important increases in all ash fusibility 
temperatures achieved by Flowsheet 2. 
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Figure 16. Ash Compostion. Crowbug Seam Coal. 
SO, Free Basis. 
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Initial deformation temperatures increased from 2064 “F 
(reducing atmosphere) and 2147 “F (oxidizing atmosphere) 
in the raw coal to 2164 “F (reducing) and 2289 “F 
(oxidizing) in the clean coal. Also increased by Flowsheet 2 
were the fluid temperatures (both reducing and oxidizing 
atmospheres) from 2215 “F and 2357 “F in the raw coal to 
2422 “F and 2510 “F in the cleaned coal. The “Low” 
fouling index classification assigned to the ash of Flowsheet 
2 signifies that this clean coal ash will be less likely than the 
raw coal ash to flow in streams or drip from heat-absorption 
surfaces or form heavy clinkers on the grates under a fuel 
bed. 

Hardgrove Grindability. Coal cleaning may, at times, 
adversely change the grindability of the coal. The 
Hardgrove Grindability Index (HGI) results determined for 
the cleaned coals (57, 58, and 56) are lower than those 
measured for the raw coal (62). Cleaning, therefore, makes 
the coal somewhat harder to grind. However, the reduction 
of pyrites from 0.28 percent in the raw coal to 0.17 percent, 
0.13 percent, and 0.18 percent in the cleaned coals should 
improve pulverizer performance slightly. Also, the increased 
heating value resulting from cleaning will offset to some 
degree the increased grinding energy that may be needed by 
the pulverizers. 

Proximate AMIYS~S. A proximate analysis helps character& 
how a coal reacts when it is heated; that is how much of the 
coal goes off as gas and vapors (volatile matter) and the 
quantity that remains as fixed carbon. Also, a proximate 
analysis usually quantifies the amount of ash and sulfbr in 
the ash. Cleaning significantly decreased ash content in all 
three flowsheets. 

Ash decreased from a raw coal value of 13.6 percent to 6.6 
percent in Flowsheet 1, to 4.8 percent in Flowsheet 2, and 
to 6.7 percent in Flowsheet 3. Total sulfur of 0.69 percent 
in the raw coal was decreased to 0.62 percent in Flowsheets 
1 and 2, and 0.65 percent in Flowsheet 3. Volatile matter 
was increased from 33.8 percent in the raw coal to 35.2 
percent in Flowsheet 1, 37.5 percent in Flowsheet 2, and 
35.5 percent in Flowsheet 3. Fixed carbon was also 
increased in all three flowsheet tests--from 53.1 percent in 
the raw coal to 58.1 percent in Flowsheet 1, 57.6 percent in 
Flowsheet 2, and 57.8 percent in Flowsheet 3. 
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Trace Elements 

Ultimate Analysis. Among other things, an ultimate analysis 
summarizes the organic constituents of a coal and is a 
convenient and uniform method of comparing coals. An 
ultimate analysis also is required by boiler operators for 
computing boiler air requirements, heat losses, and weight 
of the products of combustion. As with the proximate 
analysis, cleaning produced some significant changes. 

The weight percent of carbon increased for the coals of 
Flowsheets 2 and 3--from 71.0 percent in the raw 
Croweburg coal to 79.4 percent in the coal of Flowsheet 2 
and 76.8 percent in the coal of Flowsheet 3. However, it 
decreased to 68.2 percent in Flowsheet 1. The hydrogen 
content was increased from 4.4 percent in the raw coal to 
4.9 percent in Flowsheets 1 and 3, and 5.1 percent in 
Flowsheet 2. Nitrogen also increased from a raw coal value 
of 1.5 percent to 2.0 percent, 1.9 percent, and 1.7 percent 
in Flowsheets 1 through 3, respectively. Only oxygen was 
significantly decreased by cleaning--from 9.2 percent in the 
raw coal to 7.5 percent in Flowsheet 1 and 8.2 percent in 
Flowsheet 2. Flowsheet 3 had a slight increase to 9.3 
percent. Note that a decrease in oxygen content signifies an 
increase in the heating potential of the coal. 

No new constraints on trace element emissions were placed 
on the power generation industry under the 1990 Clean Air 
Act. However, it is expected that new regulations will be 
forthcoming following the Federally mandated three-year 
study period. Because of the uncertainty of the li.rll effects 
of any new laws, a portion of this coal characterization study 
focused on determining whether certain trace elements could 
be removed by physical coal cleaning processes. 

As with any coal, the Croweburg Seam coal’s inorganic 
constituents are primarily made up of clay, rock, and shale. 
Some of the inorganics are inherent but the majority of the 
inorganic mineral matter is extraneous and can be associated 
with the coal seam itself and may end up included with the 
coal because of the mining operation. Minerals frequently 
found in coal are: 

. Silicates 

. Oxides 
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. Sultides 

. Sulfates 

. Carbonates 

A number of studies have found that specific elements in a 
coal can be associated with the inorganic mineral matter. 
Trace elements will have specific mineral associations rather 
than occurring sporadically throughout all forms of mineral 
matter in coal. For example, arsenic, mercury, and nickel 
have been found to have a close relationship with pyrite. 
On the other hand, trace elements have been found in 
mineral forms such as cinnabar (mercury), galena (lead), or 
millerite (nickel) where they are a major portion of the 
mineral structure. Also, many of the mineral forms in which 
trace elements occur are suItides. However, trace element- 
bearing minerals may also be entrapped within the coal itself 
and as progressively smaller particle sizes are considered, the 
likelihood of the mineral occurring as a separate particle 
increases. 

Although it is not fully understood how the different 
compounds and their mineral constituents are transformed 
during processing and combustion, it has been shown that 
certain of these elements (when found in the atmosphere) 
can sometimes be attributed to man-made sources such as 
coal-fired power generation. Conventional coal cleaning 
techniques that are effective in removing mineral matter 
from coal will also be effective in removing certain trace 
elements because of those elements’ affinity for specific 
mineral matter. 

Conventional coal cleaning using gravity separation of coarse 
coal fractions can be effective because they are proven 
methods of removing major mineral matter forms such as 
clays, rocks, and shales. Coal cleaning methods that involve 
deep cleaning of the fine coal fractions can also increase 
mineral matter liberation and therefore can be used to 
reduce associated trace elements. But as mineral matter is 
liberated, individual particles may react to the cleaning 
process differently. For example, suhides may float in a 
flotation cell and carry associated metals with them into the 
clean coal. 
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The flowsheet tests performed on the raw Croweburg Seam 
coal indicate that cleaning can alter its trace element 
concentrations. As Table 14 and Figure 17 show, in almost 
every case trace elements were removed during cleaning. 
However, the concentration of fluorine was increased by 25 
percent in Flowsheet 1 and mercury increased by 58 percent 
in Flowsheets 2 and 33 percent in Flowsheet 3. 

Table 14. Trace Elements (ppm) 

Element Raw Coal E _ FS2 pJ 

Fluorine 43.6 58.4 46.2 41.3 
Chromium 18.3 7.69 10.2 9.93 
Nickel 30.9 27.5 28.4 27.9 
Zinc 88.1 19.5 17.3 25.8 
Arsenic 4.13 3.50 3.63 2.50 
Selenium 1.68 1.57 1.29 0.84 
Silver 0.02 0.01 0.02 0.006 
Cadmium 0.29 0.04 0.02 0.08 
Barium 57.2 9.61 3.41 13.3 
Mercury 0.08 0.06 0.12 0.19 
Lead 10.9 8.24 7.1 6.2 

A closer look at the specific gravities of separation of the 
three flowsheet runs show that separating at a gravity of 1.4 
(Flowsheet 2) resulted in the greatest reductions of zinc, 
barium, and cadmium. The reduction of these elements 
appear to be ash related as Flowsheet 2 also removed the 
most ash. Flowsheet 1, which used a 1.55 specific gravity, 
removed the most chromium and nickel and was the only 
flowsheet to lower the concenaation of mercury. Overall, of 
the three flowsheet tests, Flowsheet 3 performed the best in 
reducing the most individual trace element concentrations of 
the raw coal. Separating at 1.80 specific gravity in 
Flowsheet 3 removed fluorine and the greatest amounts of 
arsenic, selenium, silver, and lead. 

In recent years, considerable research by EPRI and other 
organizations has attempted to character& the mobilization 
of elements in coal, its combustion gases, and ash residues. 
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Coal Blending 

Some physical and chemical characteristics of the ash and 
flue gases are directly related to the composition of the 
parent coal. Coal combustion can alter the chemical 
composition in such a manner that certain chemicals can be 
dissolved and mobilized into the ash residues or gases. Of 
the elements studied during these tests, arsenic and. selenium 
are associated with power plant ash fractions that are highly 
soluble. Volatile elements such as mercury can be found in 
the gases. A better understanding of the mobility of trace 
elements in coal cleaning residues will help determine 
whether or not it is environmentally advantageous to remove 
trace elements before combustion. 

As this study shows, significant reduction of specific 
elements can be achieved by using conventional coal cleaning 
techniques. However, as also indicated by this study, 
continued research relating to refining existing coal cleaning 
techniques to remove specific trace elements is needed. 

Overall, Flowsheet 2 produced the best quality clean coal 
when considering the major ciean coal parameters of heating 
value, ash fusion temperatures, ash reduction, and SO, 
emissions potential. Based on these criteria, the clean 
Croweburg coal (Clean Coal 2) produced by Flowsheet 2 
was selected for blending with the raw Wyodak Seam coal 
for pilot-scale testing at the Kreisinger Laboratory in 
Windsor, Connecticut. 

Wyodak/Croweburg Coal 
Blending 

As indicated earlier, one of the objectives of the CQE 
project is to gather data and to correlate this data to actual 
power plant performance. PSO was interested in 
determining how much of an effect its use of blended 
Wyodak and Croweburg seam coals had on the boiler 
performance at its Northeastern Station’s Units 3 and 4. 
Since PSO is mandated to burn a minimum of 10 percent 
Oklahoma coal, project engineers determined that a 90 
percent Wyodak and 10 percent Croweburg coal blend was 
the best blend ratio for initial pilot-scale combustion testing. 

Prior to the actual preparation of the coal blend to be used 
in the pilot-scale testing, three bench-scale blends (using a 
ratio of 90 percent raw Wyodak seam coal and 10 percent 
each of the cleaned Croweburg coals) were made and 
analyzed at the Homer City Coal Laboratory in Homer 
City, Pennsylvania. As previous clean coal data, Table 15, 
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Table 15. Blend Comparisons 

Blend 1 Blend 2 Blend 3 

PROXIMATE ANALYSIS (Wt %) 
Total Moisture 
Ash 
Volatile Matter 
Fixed Carbon 

27.37 27.42 27.31 
7.02 6.67 7.03 

44.39 43.09 45.35 
48.59 50.24 47.62 

Heating Value (Btu/lb) 
Sulfur 

Total (Wt %) 
Pyritic (Wt %) 
Pyritic/Total (%) 
SO, (Ib/MBtu) 

12,197 12,239 12,203 

0.61 0.61 0.61 
0.08 0.11 0.10 

13 18 16 
1 .oo 1 .oo 1 .oo 

Ash (Ib/MBtu) 5.76 5.45 5.76 
Hordgrove Grindability (HGI) 56 55 56 
Chlorine (Wt %) 0.03 0.03 0.03 
LiO, (Wt % in Ash) 0.02 0.02 0.02 

ULTIMATE ANALYSIS (Wt %) 
Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Ash 
Ov9en 

68.64 68.94 68.76 
5.06 5.10 5.10 
1.14 1.09 0.98 
0.61 0.61 0.61 
7.02 6.67 7.03 

17.53 17.59 17.52 

ASH FUSIBILITY (“F) 
(Reducing/Oxidizing) 

Initial Deformation 
Softening 
Hemispherical 
Fluid 

2100/2113 2039/2137 209612121 
212812207 2121/2208 2 119/2200 
2134/2211 2131/2212 212412205 
2159/2230 2137/2240 2 135/2207 

44 CQ Inc. . X+mtNo. 91R103 . July 19, 1991 



Table 15. Blend Comparisons (Continued) 

ASH COMPOSITION (Wt %) 
SiO, 
A&‘, 
FedA 
COO 
MgO 
No,0 
‘W 
TiO, 
MnO, 
PA?, 
so, 

ASH TYPE 
Slagging Index 

Clossificotion 
Fouling Index 

Classification 

Blend 1 Blend 2 Blend 3 

32.06 32.14 
17.08 17.01 

7.14 6.99 
20.97 18.80 

4.08 3.84 
0.63 0.60 
0.79 0.76 
1.06 1.24 
0.04 0.04 
1.01 1.05 

16.80 17.30 

30.93 
16.20 

7.27 
19.42 

3.89 
0.65 
0.71 
1.22 
0.06 
1.01 

16.88 

Lignitic Lignitic Lignitic 
2122 2074 2118 
Wigh) (Severe) (High) 

0.63 0.60 0.65 
(Low-to- (Low-to- (Low-to- 
Medium) Medium) Medium) 

and Figures 18 and 19 clearly show, the coal produced by 
Flowsheet 2 was of a significantly higher quality than those 
produced by the other two flowsheets, but the laboratory 
tests indicated that blending 10 percent of any of the cleaned 
coals with 90 percent of the raw Wyodak coal apparently 
neutral&d the effects of cleaning. While most of the 
laboratory analyses done on the three blends produced very 
similar results for all three blends one important discovery 
was made. Blending such a small amount of cleaned 
Croweburg coal with the raw Wyodak coal would probably 
have little effect on overall boiler performance. In fact, the 
results indicate that burning this blend ratio would be 
equivalent to burning the raw Wyodak seam coal alone. 
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These laboratory results were confirmed when similar tests 
were performed on a composite sample of raw Wyodak and 
raw Croweburg seam coal gathered at the Northeastern 
Station during field testing and a sample of the clean 
Croweburg and raw Wyodak blend shipped to the 
Kreisinger Laboratory for pilot-scale combustion testing. 

Twenty tons of 90 percent raw Wyodak and 10 percent 
Croweburg (on a Btu basis) were prepared at CQ Inc. and 
shipped by covered truck to the Kreisinger Laboratory. A 
sub-sample of this blend, gathered during processing, was 
sent to the Homer City Coal Laboratory for analysis. Table 
16 and Figures 20 and 21 represent the results of those 
laboratory tests and those previously performed on the raw 
Wyodak and cleaned Croweburg coals. 

As was the case with the laboratory-produced blends, these 
results show a close similarity in coal quality and ash 
composition between the raw Wyodak coal and the 90/10 
blended using cleaned Croweburg coal. However, a 117°F 
increase in heating value was produced by the blended coal 
(12,036”F) when compared to the raw Wyodak coal 
(11,919”F). 

As mentioned earlier, PSO is mandated by law to burn a 
minimum of 10 percent Oklahoma coal and does so by 
burning a blend of raw Wyodak and raw Croweburg Seam 
coals. The percentage of raw Croweburg blended generally 
ranges between 10 and 30 percent. In order to evaluate the 
effects of burning the blended coals, field tests were also 
conducted to provide boiler performance data. As part of 
these field tests, composite samples of the coal fired during 
testing were gathered (at the Northeastern Station) over a 
14 day period and analysed at the Homer City Coal 
Laboratory. Table 17 provides a comparison of the 90/10 
composite raw coal actually burned and the 90/10 clean coal 
blend produced at CQ Inc. 
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Table 16. Comparisons of Raw Wyodak, Clean Crowaburg, and 90/10 Blend 

PROXIMATE ANALYSIS (Wt %) 
Total Moisture 
Ash 
Volatile Matter 
Fixed Carbon 

Wyodak Crowburg 
(Raw) (Clean) 

28.94 16.05 
6.67 4.84 

41.69 37.53 
51.64 57.63 

90/10 Blend 

28.31 
6.88 

42.01 
51.11 

Heating Value (Btu/lb) 11,919 14,168 12,036 
Sulfur 

Total (Wt %) 0.56 0.62 0.56 
Pyritic (Wt %) 0.11 0.13 0.12 
Pyriticflotal (%) 20 21 21 
SO, (lb/M&u) 0.94 0.88 0.93 

Ash (Ib/MBtu) 5.60 3.42 5.72 
Hardgrove Grindability (HGI) 57 58 55 
Chlorine (Wt %) 0.25 
LiO, (Wt % in Ash) 0;: 0.01 0.0;’ 

ULTIMATE ANALYSIS (Wt %) 
Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Ash 
Oxygen 

67.76 79.39 68.14 
4.90 5.06 4.91 
1.10 1.91 1.04 
0.56 0.62 0.56 
6.67 4.84 6.88 

19.01 a.18 17.47 

ASH FUSIBILITY (“F) 
(Reducing/Oxidizing) 

Initial Deformation 
Softening 
Hemispherical 
Fluid 

1955/2209 2164/2289 i 98012230 
2073/2239 2233/2331 2091/2234 
207512243 228312425 2095/2245 
208212248 2422/2510 2103/2253 
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Table 16. Comparisons of Raw Wyodak, Clean Croweburg, and 90/l 0 Blend (Continued) 

ASH COMPOSITION (Wt %) 
SiO, 

Wyodak Croweburg 
(Row) (Clean) 

35.90 53.00 
Al,d, 16.38 20.81 
WA 7.24 11.10 
CaO I a.35 6.13 
:AgO 3.31 1.61 
Na,O 0.71 0.55 
40 0.61 3.44 
TiO, 0.64 0.53 
MnO, 0.07 0.10 
PP, 0.87 0.11 
so, 15.08 2.92 

90/l 0 Blend 

34.08 
13.75 

7.29 
18.61 

3.45 
1.05 
0.66 
1.03 
0.05 
1.04 

16.70 

ASH TYPE 
Slagging Index 

Classification 
Fouling Index 

Classification 

Lignitic 
2013 

(Severe) 
0.71 

(Low-to- 
Medium) 

Eastern 
0.19 
(Low) 

0.17 
(Low) 

Lignitic 
2033 

(Severe) 
1.05 

(Low-to- 
Medium) 
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Table 17. Comparisons of Raw Coal Blend and Clean Coal Blend 

PROXIMATE ANALYSIS (Wt %) 
Total Moisture 
Ash 
Volatile Matter 
Fixed Carbon 

26.85 28.31 
6.68 6.80 

42.60 42.01 
50.72 51.11 

Heating Value (k/lb) 
Sulfur 

Total (Wt %) 
pyritic (wt %) 
Pyritic/Total (%) 
SO, (Ib/MBtu) 

12,035 12,036 

0.62 
nr 

1.:; 

Ash (Ib/MBtu) 5.55 
Hardgrove Grindability (HGI) 52 
Chlorine (Wt %) 0.06 
LiO, (Wt % in Ash) 0.01 

ULTIMATE ANALYSIS (Wt %) 
Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Ash 
Oxygen 

68.13 69.14 
4.98 4.91 
0.63 1.04 
0.62 0.56 
6.68 6.88 

18.96 17.47 

ASH FUSIBILITY (“F) 
(Reducing/Oxidizing) 

Initial Deformation 
Softening 
Hemispherical 
Fluid 

2133/2119 1980/2230 
2194/2252 2091/2243 
220012266 209512245 
2203/2274 2103/2253 

Raw Coal Blend Clean Coal Blend 

0.56 
0.12 

21 
0.93 

5.72 
55 

0.;; 
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Table 17. Comparisons of Raw Coal Blend and Clean Coal Blend (Continued) 

ASH COMPOSITION (Wt %) 
SiO, 
A@, 
W’, 
coo 
MgO 
No,0 
W 
TiO, 
MnO, 
p&b 
so3 

Raw Coal Blend Clean Cool Blend 

31.98 34.08 
12.35 13.75 

7.32 7.29 
23.70 18.61 

4.50 3.45 
0.66 1.05 
0.68 0.66 
0.68 1.03 
0.06 0.05 
1.18 1.04 

17.10 16.70 

ASH TYPE 
Slagging Index 

Classification 
Fouling Index 

Classification 

Lignitic Lignitic 
2148 2033 

(High) (Severe) 
0.66 1.05 

(Low-to- (Low-to- 
Medium) Medium) 

These results show that the only notable difference between 
the two blended coals’ qualities and ash compositions are the 
higher silica oxide content of the clean coal blend (34.08 
percent) compared to the raw coal blend value of 3 1.98 
percent and the lower calcium oxide content of the clean 
coal blend (18.61 percent) compared to the raw coal blend 
value of 23.70 percent. Also, the clean coal blend has a 
“Severe” slagging classification while the raw coal blend is 
classified “High”. 

Because the results of the pilot-scale combustion tests done 
at Combustion Engineering’s Kreisinger Laboratory 
indicated that the 90 percent raw Wyodak/lO percent 
cleaned Croweburg blend exhibited performance 
characteristics similar to firing 100 percent raw Wyodak 
Seam coal and one of the objects of the project was to 
determine if cleaning the Croweburg Seam coal would 
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improve boiler performance, the project research team 
decided to produce an additional blend using 70 percent raw 
Wyodak Seam coal and 30 percent clean Croweburg Seam 
coal for pilot-scale combustion testing. 

Additional cleaned Croweburg Seam coal produced from the 
Flowsheet 2 cleaning test was shipped to the Kreisinger 
Laboratory to be blended with the original 90/10 blend to 
produce the desired 70/30 blend. Preliminary pilot-scale 
tests results indicate that the 70/30 blend should provide 
improved boiler performance. These results, and those of 
the other pilot-scale combustion tests pertaining to the 
Northeastern testing are contained in the reprt “Developing 
the Coal Quality Expert: Pilot Scale Testing of Coals Used 
Under CQE’s Test Program at PSO’s Northeastern Unit 
No. 4” by Combustion Engineering. 
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CONCLUSIONS This study has shown that the Croweburg Seam coal 
responded well to physical coal cleaning techniques and 
significant quality improvements were obtained within the 
86 percent energy recoveries prescribed by the project team. 
This study also has shown that, should the need arise, the 
Wyodak Seam coal could also be cleaned to an improved 
quality. 

The CQ Inc. tests show that conventional coal cleaning 
devices, such as jigs, spirals, and water-only cyclones, can 
significantly improve the overall quality of the Croweburg 
Seam coal and could also be used to upgrade the Wyodak 
Seam coal. These tests also have shown that the more 
advanced coal cleaning methods such as heavy-medium 
cyclones and froth flotation can be used to remove specific 
contaminants and improve the overall quality of the 
Croweburg Seam coal. 

Characteristics 
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Cleaning the Croweburg coal produced yields over 80 
percent while significantly improving the coal quality. For 
example, ash was reduced from 13.2 percent to as low as 4.8 
percent and the heating value was raised from 12,672 Btu/lb 
to as high as 14,168 Btu/lb. Although this coal is already a 
compliance coal and cleaning does little to improve the 
overall SO, emissions potential, removing a large portion of 
the non-combustible mineral matter significantly improves 
the ash fusion temperatures. Also, since non-combustible 
mineral matter adds to the transportation costs, cleaning the 
Croweburg Seam coal could reduce these costs by lowering 
the mineral matter, thereby reducing the coal tonnages that 
are shipped to the power plant. In addition, there is some 
indication that crushing before cleaning could liberate 
additional ash-forming mineral matter, potentially improving 
the performance of the cleaning process. 

Another improvement in the quality of Croweburg Seam 
coal as a result of cleaning is reduction of the concentrations 
of many trace elements of environmental concern. For 
example, bariumwas reduced from a raw coal concentration 
of 57 parts-per-million to as low as 3.4 parts-per-million and 
zinc was reduced from 88 parts-per-million to as low as 17 
parts per million. However, the concentration of mercury 
(on a PI’M basis) was doubled by cleaning. 

Of particular interest to Public Service Company of 
Oklahoma was the extent that coal cleaning could possibly 
improve boiler performance problems such as slagging and 
fouling. This study has shown that while the quality of the 
Croweburg Seam coal was significantly improved by 
cleaning, blending it with a high percentage of raw Wyodak 
Seam coal may negate the gains associated with the cleaning 
process. However, there is evidence to show that by 
increasing the amount of cleaned Croweburg Seam coal to 
30 percent, significant boiler performance improvements are 
possible. 
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APPENDIX A 

Croweburg Seam Raw Coal Size Data 
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1CD.OC 9.55 0.64 

14774 

14558 
14165 
14055 

15933 
13906 

1384C 
33666 

133f.2 

_ - _ _ - - _ _ 

SOZ/n6T” 
-------_ 

0.63 
0.74 
0.79 

P.R, 

D.85 
0.85 
0 .RC, 
0.54 
6.9‘ 



P”~BO”ZS 
Homer Cl,“. Pii 15748 
412-479-901, 

Cerrijiic,are of Analysis 

Lab No.: 
Fro”,: 
Silm”L~d: 
c,ross ut.: 

.z PBnnl”l”an,a L*cwI c”lrl”an” \ H,,,,lcl Cl,” Lahorr,“,” + ? 
9”070?1471 
co INC 

/ I 
56‘8.5”Otl KG 

:totler i;, 1195 

Page I Of u 

.%““.“hnu larrr CorYrn ,s 2 M”O. -1 ,rr GD,a,a, PYbII/ “I,III.I I”Il.rn 

. - _ - - - - - _ 

SOZIHBTU 
- _ - - - - _ - 

P .6h 

0.74 

0.77 
O.bC 

0.62 
c.lie 

C.kS 
[I.sq 

: .q9 

PO BOX 29 
WDmer my. PA 15748 
412~479-9011 

Cerrificare of Analysis 

GRAYI,” 
SINK FLOAT 
- - - - _ _ - _ _ _ _ 

1.250 
.250 I.300 

r300 1.350 
.350 1.400 
*40D l.hOC 
.600 ,.“FC 
.A”0 2.00C 
.OOD 2.450 
.45G 

- - - - - - - 
UT x 

-----_ 
27.97 
3r.32 

5.46 
5. Ob 
4.13 
1.92 
1.83 
2.60 

1’1.51 

ASH 

0.80 

2.28 
5.29 

7.57 
17.5.’ 

32.95 
44.8-1 

63.@1( 
711.97 

.--CIRECT- 
S”LF”R 

- - - - - - - - 

x.55 
0.60 

0.72 
0.72 
0.89 

I.,h 
1.53 
1.23 
1.52 

ET”ILfZ SO2IKPT” 
- - - - - - - _ - - - - _ _ _ _ 

14554 ci.76 

14421’ 1.83 

13771 1.03 
1347P i.Dh 

1,607 I.54 

“222 z-49 

6937 3.85 
2,39 F.0, 

35 8‘5.37 

27.97 
62.29 

65.75 
70 .e1 
74 -94 
76.&t 
77.R9 
HO.49 

190.cr 

0.80 0.55 
1.62 0.58 
I.81 0.59 
2.*!l 0.60 
3.09 0.61 
3.84 0.63 
9.3” 0.69 
6.30 D.65 

18.92 II.82 

- - - - - - - - 

0.76 
0.80 

0.81 
(1.83 
“.Bb 
U.89 
0.9, 
6.96 
1.5L 



P,O, BOX 29 
l+xner 0,“. PA 15748 
412-479-9011 

Cert$cafe of Analysis 

escri2ti’In: LilO 110.: 
CilO’dt6”RC Ri; C”t4L,Ll!,ikL,IOP Fran: 
RLI’G elio5:95D Sablplecl: 
YlCCl LS illCil”EL) RAb i0l.L Gross ct.: 

GHAYITI 
SINK FLOAT 
----- -____- 

1.25il 
-2,: 1.‘20 
.3iD 1.353 
.35c 1.*2r 
.905 1.6;” 
.b00 ,.iOP 
.t30” 2.??5 
.:13 z.i;c 
.il53 

ctcuer ?i, ,c:3 

Page 507 ” 

~,,“““I”“,I. kk/,ll CU,,,U,,” ,s * MImII ,* ISIU WC,.. Y/WL 111,1,1,11 SIlll,,, 

Cert$cale of Analysis 

tR&“,TI 
SINK FLOAr 
----- ---- _- 

1.250 
.250 1.300 
.300 1.350 
.350 1.400 
.4 00 l.bGD 
.600 1.6?0 
.800 2.000 
.ooo 2.950 
.450 



,,“,,,,I iz, ‘~. ., 

rJp?iF~~j>,~ Certificate of Analysis 

GQLVITY 
TINX FLU!.7 

. - - - - _ - - _ _ _ _ 

i.i3L 
I.255 1.300 
l.,Li? 1.35: 
1.31; I.“?. 
,.4Gl ,.Sil 
1 .6c:: 1.bci 
,.BL? ;.rzz 
2.005 I.+:: 
2.95: 

:toner 22, 1’52 

.“KPOS,TE ins,,ai!rLlrr ANeLISI: 3i FLUS 

_ _________________ s*RLc-T --_---__-----_-___ 

*, i ASH SULFUR tiT”lLB SOI’/HBTL 
______ ________ _____--- _-----_- _------_ 

ib .5h 
92.11 

0.11 
,.!i 
q .?i 
, .LL 
? .‘i. 
; .%r 

1 .LP 
3.54 

9.c7 
I 3 . ‘: 2 
?I.43 
.‘I.“1 

44 24 
I L . : L’ 
7% . 5 R 

o.ue 14’174 
D .56 1921!5 
0.74 1717:’ 
:‘.,A iibli 
0.77 1,127 
3.55 ‘.f+&? 
? .01 7,Tf 
,.lC 3;25 
1 .;,a 251 

0.67 
3.7’, 
!.I: 
!.Z,i 
1.3: 
?.L, 
1 ./i.: 
7.27 

:.,.70 

PRO BT>” zn 
ti,,ner C,!“. PA 15748 
412.419~9011 

26.55 
‘P.8, 
77.Q.3 
P?.,, 
,t L, . 5 7 
6 7 . r r 
iz. 7r 
7’. 65 

13!!.CO 

Faue 7of h 

R”“,“t”,w EkflC Camp”” I a tk”“II 01 Ins cN,.,a, em/ “INI.I I”Il.rn 

Cer@‘$cate of Analysis 

8.62 
!,.I:, 

_ - - - _ _ - - 

0.67 

:! .74 
0.7h 

G.“C 

“.RZ 
o.t’i 

C.86 

0.0, 
l.PI 

PO BOX 29 
Homer Cl,“. PA 15748 
412-419-9011 

!*CriD,iOn: LilD NO.: 90370[1171 
CitOUEGURL RAb COPLILlkER‘TION Cr”“,: ‘0 INC 
RLIs4 11’3??5,9:‘1 5.3MlDled: I / 
41zo1 PS kLCf,YED RA. CO&L cross wt.: 56‘8.51350 Kg 

SlZf IN mm 
lSSEO RLTAIN 
_ - - - _ _ _ _ _ _ _ _ _ 

,S.OCC 
L9.000 O.bOU 
0.600 0.150 
0.150 0.075 
0.075 



APPENDIX B 

Wyodak Seams Raw Coal Size Data 



,llY‘,l, ;i. I’;::, P.0 BO” 29 
nOme, cw PA 15148 
412-419-901 I 

Cerri/icale of Analysis 
.:c,34: ILliT ..i i,LI,,YS 

~ECTiiatiO”: Lab ,.a.: 
.Y3n,N‘-UY3*A* SLriHS :‘!2::?;41:2 IroD: 
I?92 C31L i.IBE?PTION San”L?C: 
4111’1 AS HCCC‘VE;) RLb CDPL Gross it.: 

S,Zk ,b “Ill 
SSiD ?ETPIN 
- - - - - - - - _ - - - 

4 Penns”l”anw EbSlilC Co”.+“” ) em”*, C,,” Labomo,” h +r, 
“11113COl’l 
co INC 
00,25,l(l 

52?5.20?‘1 Kg 

FJI:? , Of :~ inproYedT fifc@--y ,,,,,JAK:: 1991 -------------__-_--_ _____I____ 

PO, BOX 29 
Home, DIY. PA 15748 
412-479-9011 

SCriJIiO”: 
*‘“!JPi, Y:-.‘yU,~:L SL 4Y’ rv: :mbz4 -: 
ri* C‘LL Llh;ib,lilh 
91251 PS :iiCi,YLI; ?A, C!,,.L 

Certificate of Analysis 

Li3 \cJ.: 
t r3n: 

rii1.c: 
t.r3*1 ut. : 

Rnnr”I”a”la ilaElr,c Csx”&m”” c) 
Hama Cl,” L~bOr.lOl* 

3\ 

53,103c1’i 
co IYC 
oc/25/rr 

52n5.2ocL Kg 

FL”‘I/S,X< r,F PLUS iLY I”.(?,, ?“I Fi;il,,b; l?EF:.:;i,,,N‘ lh.*7 x OF ii?< TaTaL SLWLI 

GiA”l,I 
IN< FLSAT 
- _ - - - _ - _ - _ 

1.25L’ 
250 I.SD‘ 
300 1.350 
350 i.QDI. 

400 1.60” 
600 i.3UD 
000 Z.JOO 
000 F.‘15D 

4 53 

..- ________ --- ---- 
ITI!/L!Y 5:; ,““,J 

12311 0.69 
i2152 11.12 
ll5’13 1.113 
:if,,lL; 1.19 

Ft-bl 1.61’ 
[i !, 9 5 T.i(l 
.; ‘I !, :: ‘, .7 P 
; I rs ; ‘,;.Cll 

: .‘.!ii,Z.O” 

23.4I! 
52.03 

35.09 
75.9u 
98.90 
5=J.5: 
99.67 

I3F.OLi 



.I.“Ol, .\1. i“., 
P.0 BOX 29 
cLa”lex an. PA 15748 
412479.9011 

Cerrifcate of Analysis 

,603 

003 
45: 

2,912 ‘I.26 
11 . I is 

v.2: 
4.47 
4.7’ 
7 . 2 I> 

2 5 . ,a 7 
‘I! .s; 
I&, .4; 
U’i.il 
big .:: 

T.1’. 4;;,; 

5.17 i’3,: 
I G . 5,: lC’j7 

“.75 
-, -7 I 

.h:, 

. Y” 
, .Sl, 

,‘..3‘ 

: ‘.I> 
.“.Jh 

11’7.50 

99.56 

SY.i(Z 

! 9 3 . 2 3 

rage = “t /’ 

Pa”“,“h.,.. ilannc Cmp”” ,J a 4,“t+ 09 Ihl keen, P”blC “cl,l,er Inurn 

4.20 
4.44 
4.51 

4.75 
2.5, 

r,.!,, 

5.“1 

5.77 
6.Ul! 

0.47 12517 
0.93 12195 
L!.+tL 12176. 
O.Llq 12137 
2.46 liC5P 
9.47 12017 
u .47 11552 
u.40 119i~l 
C.5” 1,941 

0.75 
0.71 
c.71 
c> .77 
C.75 
L.77 
0.75 
rJ.R1 
O.bY 

3nilary 3,. lU?l 
PO. e-3. 29 
Hamar city. PA 15748 
412.479-3011 

Cerrificate of Analysis 

*cr,i) l-2”. 
.“OKiNG-Y”ODLK SiPPS e’r:,924,lr, 

HP tO*L iIr+i?P,iON 
‘l:l(rl 4s I;cc,“io <*i CC.PL 

La, NO.: 90,10”0,4 
From: CQ lhlC 
SBmpleO: 87/25/O? 
CllE5 ut.: SZ3S.*CDt fig 

1.250 
.250 1.3cc 
.30” 1.3bC 
,350 1.4oPj 
.400 1.6St 
.600 l.i!DD 
,600 ?.3OC 
.OOD 2.9’: 

.456 

6. 93 
25.29 
41.52 

14.90 
1.54 
C’. 7: 
1.93 

I. 1: 

O.CC 
3.62 
::75 
q.re 
“..‘I, 

31.TF 
45.54 
‘:I .71~ 
(-5 . 1 7 

-!J.oc 
G.6, 
0.5n 

1.43 
5.5F 

1.41 
3.I’i 
5.116 

15.2, 

P 

17947 
:221: 
,?>I8 
!1,4’1 

R 1 b t, 
F”,% 
., i,rr 

:%>I 

0.97 

0.R6 
0.17 
6.81 
3.84 
O.86 
i .‘l2 
1.59 



IIY‘,I I 31. 1 1 
P.0 BOX 29 
Homu C,,“. PA 15798 
412-479.9011 

Cerrificare of Analysis 

scriatian: Lb0 NO.: 
.13Y!v:-Y”3ci< c.TAYS L-i‘.m”L“l,: 0 can: 
HCL C31L LlrlC~Pild!” .srpled: 
r!:Ci es iiiLiI”EO “PI CCI;L C>,OIE Yt.: 

Pmnr”l”ma rlsr,m COrnW”” # 

Home, my L.Lmoracor” 
#h 

Pi:gP F, Of F, 

P.nn*,w mmr cm”” m . hhmk.. d m* eM!al P”lr YIIII,.L I”“.“? 

PRO Box 29 
Hrner city PA 15148 
r112-479.9011 

Cerrijicate of Analysis 

1SCTiOtiO”: La3 vo.: :-b~1DO~~‘i 
Y”O~,NG-Y”3UA< SLPMS *93t7=24:: From: cc IUC 
F. & . C3PL IICERAIIDY lampled: iiQ,25/?0 
9130, PS ‘iCLI”LD Rt42 CC-L (ITJSI s:.: 52C5.ZDOD Kg 

1.250 

.250 1.300 
,300 1.350 
.350 I.400 
.4CO 1.600 
.bGO 1.800 
*El00 2.000 
*OGO i.450 
.450 

S?*/*titU YT z 

“.OC 

-0or0.00 

1.03 2.Y* 
11.96 I”.02 
U-86 76.40 
1.24 :*.‘I, 
2.35 sj.qcl 

Ii.73 97 .b’r 
:.4.32 1C’J.O‘ 

7.82 0.62 11980 

e-40 5.57 11756 
IO.39 0.48 lloeb 

15.DP 0.49 10655 

13.95 P.5C 10499 

15*21 0.52 10329 
l‘.P,4 G.55 10107 

1.03 
0.98 

0.87 
0.92 
0.45 
1.01 
1.08 



.II”YI, .,, * 1 1 

It.2 BOX 29 
Ho”m city, PA 15748 
412-479-9011 

Cerrljlcate of Analysis Plnns”*an,l r,sct.,r Comoa”” 
Homer Cl,” M’or.,ory 

f\ 

?*CTiotiOtl: Lib h”.: ‘.1117CC14 
~“3,3Il~;-,,3”c< stawi I:~cY!‘,L“ti> From: co IYi 
iid& fSiL Lldl24TIOY SanptCC: CS,25,?0 
Y,GC1 is 2CCCI”LO fib&’ CWL iross .t.: 52r5.2005 na 

_ _ _ _ _ _ _ _ _ _ _ 
1.25i, 

1.25L i.:sc. 
1.3:,> i.>c: 
1.35~! i .*c: 
1.93: 1.b”: 
1.&D> l.ki< 
1.t3’3 L.kGT 
2.12’ -,s,j< 
2.43, 

__---_ 
5.1, 

1 Y 
:!. r:; 
‘” : . 3 = 
‘Zi. 1, 
‘ki. I!. 
,_s* i< 
‘.$.&‘I 

,.,“.>,l 

- - - _ - - _ _ - - . 
3.55 
4.46 
4.55 
4.75 
‘..‘.i. 
t, . r 3 
t.ii 
fJ.‘l.: 
6.6’ 

Cerif@afe of Analysis 

.SCPi,>tiOC: LbD ‘do.: 
I’“O,~,NG-uIuLLK SC~LF’I :r1;!c24~;!. From: 
n,i. CaeL LIFEIPl,iV ?&3Ol”LC’Cl: 
9130, ‘S <CCZI”L, Flci: CLUL i,r3*5 .t.: 

- - _ _ _ _ _ _ _ _ _ _ 

15.031’ 

9.000 O.5:: 
0.600 3.15: 
0.153 0.075 

0.075 

_ - _ - _ - - - _ _ - - _ 

“.V5 129JC 

(1.44 12157 

0.44 12175 
0.45 12135 
i: . L1 b 12’115 
O.‘,, 11552 

.>.q, 1192? 

G.Y9 ,,8!4q 

0.53 Ilast, 

. - - - _ _ _ - - 
SO2/W?T” 
- - _ _ _ _ _ _ 

1,.7’ 
C.l? 
C.72 
2.73 

77 
c. 7L, 
li . 60 
S!.H3 
i, . ii9 

P,O Box 29 
Ham, DIY. PA 15748 
412-479.9011 



APPENDIX C 

Croweburg Seam Raw Coal Liberation 
Data 



ilY”Sl i,:, ,7’>” 

( 

Cerrlyicare of Ana@sis 
U:‘HALILIT” :irLlrIS 

z*cription: i.tl NO.: 
CROYCBUR‘ 3bU COALILIRERCTlol~ FTOD: 
RUN *‘)0*51903 SSlpled: 
‘11301 CRUSHED TO 7/4” x c Gross wt.: 

SlZL IN mm 
\SSEil HET4lh 
_ _ - - _ _ - - _ _ - - _ 

19.G00 

L9.009 9.5oc 

9.50U 0.60D 
0.613 0.1:,c 

0.15!! 0.075 

0.07: 

Results re*orte(: “” nrr 
hasir ants riOrm.aLizr” T” ,i:‘: 
srrren sizes are suuarr hOLC~, TYL(‘r 
Rlesll ““LOSS des.iq”atr~ CtherwISC. Papr 1 0, 7 21Drouea: 

Rn”,“kam rburr cm”” IS 1 Manlber a< ,ne Galrral P”~llr “tIImI*s 4a.m 

ctobcr 22, l?YC 
P~C BOX 29 
Homer DIY, PA 15748 
412-419-9011 

wm Cerrificare of Analysis 

?lETiltlO”: Lab No.: 5307OP472 Ci(OUCB”RG ibi CDbL/L1BERPTI9N From: co INC 
RUN ~9COC1903 Sampled: I I 41001 CR”SHf.D TO 1141 Y ,? Gross wt.: 713.6000 Kg 

FLObT/SI~J< OF FLUS B” D.bCO mm FRPICTIOI. REPHLSENTING 84.7V Y OF THL TOTAL SAMPLE 
GRA”,,” 

SlNK FLOQT 
___-_ -----_ 

------------------D,RECT- 

UT I PZH S”LF”R 
----_- ------_- -------- 

51.48 
4A.75 

5.62 

3.2” 
9.12 
0.9‘ 

2.58 
1.60 
3.60 

1.86 
4.15 

9.62 
13.9fi 
23.55 
34 .(rB 

*2.70 
73.83 
79.00 

.0.48 
0.56 

0.79 
0.78 
0.w 
1.11 

- - - - - - - - 

14657 
142’1P 

:3385 
12537 
1098C 

8384 
‘46C 

2145 
282 

2.06 
1.28 
1.34 

_ - - _ - - - _ 

0.65 
(I.79 

I.18 
1.24 
I.50 
2.64 

5.18 
11.94 
‘4.70 

t,“lLB 502/HBT” 

------------- C”pj”L&T,“E FLOP ,------------- 
YT x ASH SULFUR BT” II/d SO2 lMBTU ------ ---__--_ --__--__ --_---__ -_---_L- 
31.48 
80.22 

85 .R5 
89.13 
93.25 
99.21 
94.80 

56.40 
100 .oo 

1.80 
3.23 
3.65 
“-05 
4.89 

5.19 

5.92 
6.56 

9.17 

0.48 1’1657 
0.53 14403 
0.54 14337 
0.55 l’t270 
0.57 141-25 
0.57 14067 
0.57 14020 
II.60 13822 
0.62 13335 

0.65 
0.73 
0.76 
0.78 
0 -80 
0.81 

0.R4 
0.86 
0.94 



:i”LII., ‘Z, i”-J 
P.0 BOX 29 
tb”S C,,“. PA 157.e 
4,2-419.9011 

Cerrijcare oj Analysis 

IECriDtiO”: Lab NO.: 
CROUtBUKC RAY COIL/LlhCRiaTION from: 
R”Y #950519Oii CaFWPlCd: 
P13C1 CRUSHC” TO 3/a- Y ? rros5 “t.: 

GRAV 
<INK 
--_-_ 

,250 
.JOO 
.350 
.400 
.60D 
.aoo 
,000 
,450 

FLOP. 

‘ITI 
FLOAT 
______ 

1.250 
1.300 
1 .A56 

,.*oil 
,.bOO 
I.“00 
Z.OOC 

2.450 

T/SiNl( “F 

_ - _ - - - - - _ 
UT x 

- _ - - - _ -. 
40.36 
19.62 

8.96 
9.25 
4.37 
I.46 
,.OL, 
2.41 

17.50 

a.bi;: 

_ - - _ _ _ _ 

USH 
_ _ _ _ _ _ 

I. 12 
2.63 
4 .li 

9.Y5 
10.8% 
35.ec 
45.64 

6.4 .Sh 

72.9? 

_ _ _ _ _ - - 

UT 1 
____-- 

‘10.3h 
59 .9H 
(.8.94 
73.20 

77.57 
79.03 
t!P .P2 

i-2.5” 

lrC.Ci 

Papc 1 0‘ 7 

P.“nr**.%, rrtrr -nr ,I . he..IU 0, ,-a c.“DIaIRU.k u(*,es sn,sm 

Cerrificate of Analysis 

Psnnw”.nia ElaCl,,‘ Canaan” s;. “Omsr Cl,” La,oIaID,” +\ 
900700472 co INC / I 713.60’)0 Kq 

6.36 (i.b’l 13f.73 
11.52 c-7, llJD7 

. _ - - - - _ _ - 

SO2,RBT” 

0.75 

0.78 
O.Pl 
IIrRi 

“.BG 
0.87 
O.P? 

o.+.’ 

I.25 

P.C BOX 29 
Homer C!,“. PA 15748 
412-479-9011 

GRAYIT” 
SINK FLOAT 
_ - - - _ - _ - - - - 

l.250 

.250 1.300 

.300 1.350 

.350 1.400 

.400 ,.hO[i 

.600 1.aui 

.800 2.000 
.OOD 2.450 

.950 



_ . u ,I. ,~ .~ . . ., 
PO B”“29 
tbner CllY, PA 15748 
412~479-9011 

Certijkale of Anal.vsis 

FL3ATISINX OF G.il7ki “I 0.00” mn FNbCTIO:I ktPh!~SiliT,kt 7.60 x OF THE TOT&L S4HFLC 

GRrYITY - 
SINK FLOAT 
-_-__ --____ . 

1.250 
.250 1.310 
.300 1.350 
.350 I.*90 
,400 l.‘il 
.600 ,.ttc 
.SOD 2.030 
.ooo i.iil 
.45ll 

YT x eSH 
.--_ -- -------- 

iJ.‘U 
0.0: 

1.46 6.55 
5.:i; 

A.42 7’ 
13.‘5 2*.,, 
36.C3 .CY.l” 

;‘5.7:! 6!!.47 
lk.95 k7.L’ 

.--p,IRCCT -----_---. 
SULFUP U,~,,/LP 

________ ____--__ 
D.OC c 
D.O’i ? 
0 . 5.1 13 IJ’= 
G.C(’ :’ 
L . 4 F i; ?4 (/ 
G . ,9 ? ? 2 b c, 
0.3’ <,:71 
i.39 191’1 
1.61 5,i 

_ _ - - - - _ _ _ 

SOZ/WDTU 
__ -_____ 

T.00 
G . 0 P 
T.76 

FC 
r2.70 

C.76 
,.,” 

2.0, 

6*.65 

--------- ----C”fu”L&Tl”E FLopT ---_-----__-- 
VT x ASH SULFUR BT”/LL, SOZ/HBT” 

___--_ _-----__ --___--_ ___--___ ______-_ 

1 .Pf h.jC 5.5: 137C? 0.76 

5.59 12.13 3.47 ,272‘ 0.77 
li.-JC *a.91 0.92 1,024 Li.76 
55 .:2 33.hY Z.36 9296 G.7E 
i’1.07, ‘1”.7? P.31 7511” c .91 

,ao.:;I 52-F. O.bl 6247 1.5Y 

ctobcr 22, 1995 
P.0 BOX 29 
Hame. Clf”. PA 15148 
412-479-9011 

Cerrificare of Analysis 
f$ 

Home, cm,* i.bo,ator” Pennl”l”anl. i*s,,,c Corn..“” #\ 

eSCriDfi0”: 
CROUCBUR‘ HAY CCbL,Ll~tHCI,ON 
HUN “?clO5140” 
91‘01 CR”SHiL TO .3/L” x ‘1 

GHAVIT” 
SINK FLOP+, 

------ -- ---- 

1.25c 

I.250 1.300 
1.300 1.350 
I.553 1.400 
1.403 1.t00 
I.bGC 1.800 
1.800 2.000 
2.O”i ?.‘150 
2.453 

- _ _ _ - _ _ _ _ _ - - - - _ . 

YT I P-3” 
- - _ _ - - _ _ _ _ _ _ _ _ 

29.90 1.74 

YZ.94 4.C” 
i.57 a.97 
5.12 IS.35 
4.12 22.55 
1.96 51.13 
3.35 31.90 
3.49 7C.18 

6.“7 80.39 



P.0 BOX 29 
Ho,rwr Cl,“. PA 15748 
412~479.9011 

Cerrificale of Anaivsis hu’~“l”ma claC,<,C Co,vpm” c; ,, “Yllwr CSl” LdlalllO,” +\ 

ctober 22, 1112 

Page 70, 7 

Rnn,“lnr c&v,. cc.Twrw II. M.mtm a< I_ camr.c Pea U(,I,IS‘ Swm 

Cerlificare of Analysis 

CROut”ilRC RAY COlLlLlEERdTIDh 
HUN L9CD5190D 
Yluo: CHUZHFD TO .‘,4” Y : 
TOTAL SPHPLL 

PfiRlltailEQ AC RLCLIYELI 
-_-----___-____--_------------- ___-----_-__- 

I PSh 11.19 
1 Total tloisture 3.65 

, Y 
Lab “10.: 9DO70047i 
cr.2.: co INC 
Samyled: I I 
:-ross “t. : 713.600C Kp 

co Box 29 
Homer city. P.4 15748 
412-479-9011 



.*u.,c, .~‘. Ili” PO BOX 29 
w,ner Cl,“. PA 15748 
412-419-9011 

tSCTiPtiO,N: 
CROLiLeURG Rn,.Y COAL/LIEEHATI”L 
HUN li”GrJ51900 
4100, CRUSHC” TO 3/B” Y c 

Cerrificafe of Analysis 
LcS”A6ILITI IhPLI’IS 

Lab NO.: 900700473 
FTOOl: co INC 
StlimLlLed: I I 
GTOSS wt.: 132.ROOD Kq 

rtobrr 2?. 1190 
PO BOX 29 
Mmer city. PA 15748 
412-479-9011 

Cerflficale of Anal.ysis 

,rcrlotlo”: Lab NO.: 900700413 
CROYERURG R*Y COALILI~ERATIOM rr0.5: CL 1NC 
RilN 1190051903 s.amQLed: I / 
9,001 :R”SHC” TO ,,8” x 0 Gross wt.: 1J2.8000 Kg 

GRb”IT” 
:INK FL”*, 
_ - _ _ - _ _ _ - - _ 

1.25” 
.250 1.30” 
.300 1.350 
.350 1.400 
.400 I.bDD 
.600 I.800 
.800 2.003 
.oclo 2.45c 
.450 

_ _ _ _ _ - _ _ _ - _ _ _ _ _ 
UT x PSH 

--___- -_--_-__ 
31.1” 1.84 
44.64 3.60 
10.10 H.96 

3.20 19.22 
V.24 23.99 
1.07 35.35 
S.bY 40.51 
I.58 II .07 
3.45 77.62 



_.““I, ‘L. *ii, PRO mr 29 
tk,,,,., Cl!“. PA 15748 
412.479~9011 

YJ?J?TJ?$!y~ Cerrlyicare of Anal.vsis 

‘SCr1Dt30”: 
CROUEl2”RG RAY CDLLIIIb?ERLTIO~4 
RUN n9”051?0* 
*1001 CRUSHLD TO 3/B” x li 

P.,,,,.“,“.,‘. ilsrxr ‘o~v~“Y 
t 

HO111.1 Cii” M9.I.I.I” q; 

GRPYlTI 
C,NK FLOPT 
. - _ - _ _ _ - - - 

1.25[r 
,250 1.300 
,300 1.35” 
.350 1.+00 
.400 I.600 
,600 l.t?IIC 
..soo 2.000 
.ooo 1.450 
.456 

\ 

ItobCr 22. ,“‘I0 

Page 3Of 7 
P.“n.YU.n. rklir Canp” IS 8 MI.... 01 m. c..,“l P.m. Ylllhl.I sw.m 

PD BOX 29 
Homer my. PA 15748 
412~479-9011 

Certificate of Analysis P.nnnl”.n. Lkmr Camp.“” s Hm7l.l Cl,” L.b.r.I.v $\ 

1SCTiJtiO”: Lab NC’.: 90070047~ 
CR3Ulil”SG 9PU COCLILLbEHITIO~~ hrOfC: co INC 
RUN PSCO51900 CMlplcd: I I 
4100, CR”S”FLi 10 3/a- x ? cro51 Mt.: 132.~000 Ke 

GRAVITY 
ilNK FLOPiT 
. - - _ _ - - - - _ _ 

1.250 
.250 1.300 
.300 1,350 
.353 1.400 
.900 1.600 
.bOO I.800 
.800 2.oio 
,000 2.450 
.450 



LULL,, ‘, . A- i 
PD, BOX 29 
Haner Cl,“, PA 15748 
412-479-9011 

-pgJyy~ Cerrifcale of Analysis 

D.“C 
G.Cd 

5.5” 8.6’ 
1.22 10.4r 
9 n . 3 16. Hi 

I>..?1 7’1.i;C 
F3.5’1 46.45 
?S.Zh CR .7.‘ 
2’1.76 66.75 

I).“” r 0.00 
1.00 c L.EC 
0.46 1.5154 P.69 
0.57 17Uc.F l’.Rh 
0.41 IL’ICS “.A, 
“.,I izl!72 :,.57 
5.35 7225 r.97 
0.38 3184 T.X 
1.12 764 2’.2h 

5.5h 
h.SP 

16.11 
h.L,i 

51 .nt 
75.27 

,30.!‘0 

8.C.9 
9.01 

13.54 
18.‘l’1 
31.13 
42.92 
53.70 

0.46 13354 
0.48 1,285 
1.44 126OP 
0.32 1,852 
0.37 9756 
5.37 ,909 
O.,b 6138 

Page 507 7 
RnMh,M em,. cm..w /I. Mrnt., .1 /.. c.... P”N. “I,I,,.l sm.. 

tober 22, ,:9ci 

Cerrificare of Analysis 

PO. BOX 29 
Homer Cll”. P& 15’48 
412-479-8011 

S.CrlDtiO”: Lilb NO.: 900701973 
CR3”ta”Rc RAY CCCLlLIEERATlON From: C” INC 
RUN P9CS519011 CamPted: / / 
41301 CRUSHED TO JIR” x I cross Yt.: 1S2.B000 Kq 

GRAYITI 
SINK FLO&T 
----_ ------ 

1.250 
1.250 1.3”” 
1.300 1.35ii 
1.550 1.400 
I.409 l.ai10 
1.602 l.hOO 
1.830 *.coo 
2.035 2.450 
2.953 



L.Ylll a.* 1 i PO B”” 29 
Holller my, P.4 15148 
412-479-9011 

m;p;p. m Cerrificare of Analysis 

Lab No.: 
From: 
:ablPLed: 
Gross wt.: 

*: 
Y.,U’I”I”“,,d i*c,nr C.rn”.“” 
nom., Cll” Lab.lll.r* 

Fa 

900700475 
co INC 

/ I 
132.80ot Kg 

i 

:tooer 22. lOY0 

ianr IOf 7 
R”“.“h.M m”rr c-r.. a 6c.rnb.r 0, tk. c.mr.l SUMiT “al,,.r In,.. 

Certificate of Analysis 
?SCriptio”: Lao 40.: 

CROYEBJRt %Aiy COALlLlBiRATlON ‘Porn: 
RUN t19LO51400 SampLed: 
41091 CRUSHCU TO .5/B” x 0 GTOs.5 wt.: 
lOTPI. SAMPLE 

PbR4HFTCR 
_---_----__-------------------- 
lOXlnaiE 

!4 Total rlalsture 
x Alh 
I “OLaf 
x Fixed 

.TIIIAIE 

ile tnan-sparriny, 
Carbon ,by difference, 

I Carbon 
x Hydrogen 
x Nitrogen 
r. Total S”l+“r 
x Ahh 
x oxygen (51 difference, 

itfur Forms 
i( Pyrltfc Sulfur 
x Sutfate s”lt”r 
x organ3c Sulfur 

AS RECLlVCCi hGI LIUR’ FRLL 

9.42 
11.92 
30.58 
48.07 

13.16 
33.76 
53.“” 

m BOX 29 
Haner Cll”. PA 15798 
412.419-9011 

*ajar CLements In PEh 
- - - - - - - - - - -- - - - 
I 5107 97.04 
* AL203 15.69 
x Fe203 11.24 
x cao 16.51 
z “go 1.32 
z Ola20 0.64 
7, K20 2.47 
I T302 0.70 
x nn02 0.22 
% P205 0.37 
x 503 2.19 

TOTAL x 98.40 

‘ri”dabl,,tY 62 
CalorlfIc Value ~tsT”,lh~ 
I Chlorlnt 



tooer 2’. l553 +?I3 Box 29 Ham., C”“. PA 15748 412-479-9011 

CerrtJcale of Analysis 
Dslll,lrl”rmr EbL,,,C Compm” 
H(Q”l.l CII” Labola,.r” 

L33 20.: 9110700473 
CROULSVRL RAY COPL~ll~tRAT13~ Pro”,: co INC 
RU?J d9005lSOii r:amp,ro: I I 
‘11001 CR”S”C’3 TO 5/P.” x i: iross St.: 132.8000 Kg 
TOTAL SAIHPLL 

0 x10* LING b.TMOSPhLRE 
“career Farenheit 

____________________ 
2147 

2267 

2267 

2357 



. . ..“Ll LL, , .il 

t-0, BOX 29 
t!amer Cl,“, PA 15748 
912-419-9011 

Cerri/icate of Ana[vsis 
!.>i,‘bslL:,” .xdiY:.Is 

>B 
hnn.“i”an. r*r,r. CornDan” iii 
Horn. cc** Lamram” 

4’1: 

kc’.: 930700479 

Result* rrDorted on ory 
\ d.36i5 and mrmali*eb tc ,::x 
~\Scre~” sizes are souare hOLC, Tyler 

mesiT unless desianate” Othcrrisc. Palle 1 ot L iiDoroYe(i: 4+-?4zP~, ---L---ALzex,L, OCT 2 2 1990 iate --- ---- ---- 

Ctobrr 21, iL53 

YJ!Jpy?qJ$~ 

eSCriDtiO,>: 
CROUEBSRG %PU C34LIL13iHLT1DN 
K”N iiYCO519DO 
‘ilbC, CRUSHIC TO iew x II 

FL3CIISINK OF lfLL1S 0” 

P~C Box 29 
Homer CSI”. PC% 15148 
412-479-9011 

3’ 

Cerriyicare of Analysis P.““;l”i”.l”. L*.lnr Cmm.“” *> Ham., Ci,” L.b.i.,.l” +\ 

Lab No.: 930700474 
From: co INC 
CS3mOLt-d: I I 
Gross “t.: 66.9000 1(q 

0.150 mm FRPCTlOi. RCPFiSitTING 54.31 x Of THE TOTAL SAMPLE 

GRA”IT” 
SINK FL”*, 
_ - - - - _ _ - _ _ _ 

1.250 
.250 1.300 
.JOJ 1.350 
.350 1.4”0 
.400 1.600 
.600 I.800 
.tlOJ 2.OGC 
.000 2.450 
.e50 



..““,I .,.. 1. _I 

Cerrificare of Analwis 

GRAVlTl 
SIN< FLOP, 
--_-- ---- -- 

I.*50 
.250 1.500 
-300 I.350 
.35” 1.400 
.400 l.bOC 
.60(1 ,.a;c 
.*oo Z.CDO 
.OOD 2.45” 
.Y50 

------------------i,RECT----------. 

UT * ASH :ULFUR kT”/LB 
__--__ _ _ _ _ _ _ - _ _ _ _ - - - - _ ----- --- 

ci9.49 1.0” 0.46 Iqq‘> 
21.25 2.63 cl.53 1475h 
10.bR 4.67 0.54 13?C1 

4.61 9.41 0.62 13”7P 
3.46 1Y.00 C.“O II 741 
l.St; ‘9.2‘4 0.59 -i:5L1 

:tolJer 2:‘. 1550 

SCPilTiO”: 
CR”UEB,RG %bli COAL,L,?FRcTlO~l 
2”N aS00519L’C 
413c1 CRUSHEO TO Z”C Y : 

FL3EIISIN6 “F Z.‘17F> er 

GRAVITY 
lNI( FLOP, 

,---- - --_-- 

1.250 
2 50 I.?.00 
300 1.350 
350 l.qDO 
400 1.600 
600 l.f!CO 
BOO 2.100 
000 2.950 
450 

_ _ _ - _ _ _ 
UT x 

-__--- 
7.78 

13.2” 
17.18 
10.37 

7.65 
1.95 
6.25 

15.81 
1%.33 

Cerrifiicate of Analysis 

P.0 BOX 29 
Hmw Cl,“. P& 15748 
412.479~9011 

ia3 SO.: 900700474 
in r 0 r : cc INC 
ta”PLPd: I I 
cross n.: 66.90CC KQ 

.___-___--__ 0IREl-T. 
LSI SULFUR 

_ _ - _ - _ _ _ - _ _ - _ - - - 
I.,5 11.44 
2.69 CL.46 
z.n7 0.46 
h.5F 0.97 

12.C7 0.47 
27.12 0.44 
48.27 0.42 
fib.,: o.ze 
78.25 I.,\1 

. - - - _ _ _ - - - - _ _ _ _ _ _ _ 
GIUICB s321*BT” 

- - - - - - - - - - _ _ - - - _ 

14750 0.60 
143”4 ?.69 
14211 U.64 
13775 C.6H 
1: 959 “.13 
IC52p. “.h9 

6903 1.23 
4774 1.77 
1622 1”.53 



,._.._, -_. 1 

PRO Box 29 
HilnCr Cl!“, PC. 15748 
412-419-9011 

Certtyicate of Ana/ysis 

‘scrilrion: ,~a No.: 
CSOYCELIR‘ XPY C3Al,ll3ERATID!J FPOm: 
SUN r95051301 CampLed: 
VlDDi CF”SHiO TO 2”M 1 0 troll ,,t.: 

s. P.,>,,.“l”l,,,. t,l)rc,,r ‘0”P’“Y ,, : 
won/~/ C,‘” Lailoraol” +i 

(‘age 5”‘ b 

h”,“h.“. E&a,< Cm”” ,s 1 _m*(J 0, IhC *“era, P”b,k “/IN,,eI iwrm 

Certificate of Analysis 

14508 0.65 
14412 0.68 
14351 1.69 
14?li, 0.71 
14145 0.7, 
1400” C.74 
13”LI 5 1.76 
13573 ‘1.79 
12473 l.03 

P.0 Bar 29 
Homer Cl!“. Pii 15748 
412-4’9-9011 

Lab NO.: 900700474 
From: cc INC 
508lpled: I / 
&TOSS ut.: 66.9000 K” 



.L”“, L., 2 ..,d 

PRO Bo. 29 
Mma cw P& 15768 
412-479-901, 

3 
Cerlificale of Analysis 

Pan,~lyl”an,. EleC\W Cm?,>anr ,, 
Home< Cl,” Lamlalor” 

9o^u7c’o+74 +i i;,e Eao.: 
CZSL’EYLI%C IPY COCL,L,3CROTlOh From: co IUC 
E”N rrco51503 SamPLed: / I 
41301 C~USHEO TO 2&H * c Gross Lit. : 66.9000 Kg 
T3TIzL Sb.KiLE 

36H4YiTER *s HECK1 “ED NO, 5,TUHS FREi~ .---__-----__----_------------- -------_----_ ------__--_-_ 
I Ash 12.33 13.44 
I rota, E:oisturc Pa29 

F”prOYed: 
a&&?-, 

--------------------+- 
Dat ,QCT 2 2 1990 

- -----_ - ---- 
e”m,“Umr Eiwt,r conwnr m * h*nll!er 03 les cm,nai Pdw “il,,ll I”‘,~“. 



L”“Cl CL. 1 ,,u 
P.0 BOX 29 
*“In Cl!“, PA 15748 
412-479-9011 

Cerrificare of Analysis 
YLbHIPiLiil I.\l&LY!~lS 

Scriptio”: Lab No.: 950700415 
CROYEBUHG RPU COPL,L‘~~CRA,,OE From: co INC 
RUN f19l?D515”0 SZlm”,ed: / I 
‘4,301 CRUSHCD TO loot! x 5 GrOsE Yt.: 20.1705 Kg 

ReSUltS rePuric on Dry 
tla*i* ano “ormallzrd to 1351: 

are E”“arC hole, i”lrr 
desig".,tel othir"iLF. Pan?- 1 Of i raernved: d+?&&uL ,,tetET22 WI ---- --- ------- ---- _____-----_- 

Clinl"lllla r*mr Coilllnr IO < Mnnhr 0, 1111 cmm, RIdC ",*I!Ml I"scm 

PO Bar 29 
Homer CSI”. PA 157a 
412~479~9011 

Certificate of Analysis 

GRAVIT” 
;INK FLo*T 
.---- -----_ 

1.250 
.250 1.300 
,300 1.350 
,350 1.400 
,400 1.600 
8600 ,.tiOC 
,800 2.DOO 
.“CO 2.‘150 
,450 



Certlyicale of Analysis 
PB,l”.“l”~,Vl T*slns CornPan” e; Homri C,,I Lamiatm” i :\ 

+a 
1SCTiJtiO”: ,,a3 *10.: 9G070G47, 

CROUCaURG i(liY CO!.LILI”EHITION From: co INC 
RUN 19CO5L900 zd.Dled: / / 
v,;101 tx”S”Ei) TO 1”Cb! x ti liross “t. : 20.1705 Kg 

Cerrificare of Analysis 

rscri~tion: illb luc.: 
CNOdi3,9(. ibi COPLILISEPATIOV From: 
RUti SSOC519GJ Id.pLFO: 
‘f1031 LFUSHCJ TO l(llI x i Gross ‘.‘t.: 

GRAYITY 
SINK FLGPT 

- - - _ _ _ _ _ _ - _ _ 
1.250 

1.250 i.JE’i 
I.300 1.350 
1.350 ,.43L! 
1.90C I.600 
* .6;15 I.&03 
i..sGd 2.300 
2.OPO 2.‘150 
2.45” 

---___---__----. 
WT Y ASH 

_ - _ _ _ _ - - - - - - _ _ 
77.52 ,.lb 
22 .TC 2.35 
19.05 3 .ti3 
CI.“‘I 6.77 
” .a7 12.:: 
5.0” 27&D 
2.61 9l.L? 
7.15 69.57 
v .77 79.34 

PI3 BO. 29 
wa”wr CI,“. PI\ 15148 
412~479-901, 

Plnn~“l”an,s rlorws CmlP”” 6 
Hams, Cl,” Lhormx” 

‘+A 

7CO700475 
co INC 

I I 
2rJ.17’35 KQ 



e*CriDtiOn: 
LkDYii;ll?G iki CObLlLiRtRtllDN 
t?“Y S’JotluL: 
41501 iP”SHL‘ TO 13ov x L 

CertlTcare of Anal~~sis 

Lab No.: 
iram: 
LaDlPled: 
<,ro*s ut. : 

PRO BOX 29 
,<“,,,I), my. PA 15748 
412.479.9011 

Pannr”ca.,a Elactnc CamPan” 
Hams, Cl,. LIb.I.IOI” 

h 

*3L1700971 
co INC 

I I 
20.1705 Kg 

:tobcr 22, 15’13 

g!EJ~rn 

CROUCL”%tG i!+Y COlLlLibECLTION 
RUN “9Oc’3190? 
4,301 CR”S”i” TO IO”V x ! 
TOThL SPiwLt 

to 80” 29 
Homer my. PA / 5748 
412.479~9011 

Cerrificate of Analysis ~~~::‘,,,~~~,~~,:““‘““’ P 
A Lab NO.: 9~C700475 

Fro@!: CG ,NC 
sam”l*d: I I .- _.-. 
c:roIs ut. : 20.1735 Kg 

=bikYtTCK AS RLCiIYCD UCI’TURL FFCI 
- - - - - - - - - - - - _ - - _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ - - - - - 
z ASh lZ.JC 13.69 
x Total l’oinfure 7.52 



Wyodak Seams Raw Coal liberation 
Data 



,n>ary 2,s I’,“1 P.0 BOX 29 
Homer my. PA 15748 
412-479-9011 

s,zt ,N Trn 
issc3 ctT41?2 
_ - _ _ _ - - - _ - - - 

1 ,i . c L: ? 
,ll.OG> >.55: 
9.5iS ;.l,oil 
cl.632 F.ll? 
0.15‘ ‘1.61’. 
G.073 

Cerrificale of Analysis 
.‘r;,‘A’,L:i’, :,:l’i”‘rc 

Pmnrr*an,a slmcllr comiiaw 
& 

w,“,e, C,,” idmra,o,y 
v i 

PO 

Cerlificare of Analysis R”“,“,“,“,. E*cmr ComD,“” ! )(omer Cl,” L~tar.lor” fa + 
BSCrlPfiO”: L”b 1.0.: InllD90*, 

UIJIIY;-YIODP< SElKS rrLjt.1724(1: 1r311: :u rut 
Xbil Cc’bL LlriRCTlO’r ‘;,8ml,leti: CG”125,iO 
YlCCi CRUSHCD 1” 31%” x I cross tit.: hb5.40DO Kg 

1.250 
.250 1.3DC 
.300 1.350 
*350 I.433 
.400 l.b”O 
.6DC I.AOC 
.“OO 2.300 
.OOD z.450 
.450 

ID.99 
,,.Rh 

6.97 
5.5Y 
7.86 
0.70 
u.sLi 
L-05 
La.28 

.0.41 123f.7 
0.46 12150 
0.55 11676 
0.66 1142‘ 
6.51 9275 
* .07 5 b‘b 
1.27 ;9il* 
?.I1 3 li h 1 
6.57 11.3L 

ID.99 
t19.85 
51 .I31 
‘ii .AD 
43.65 
99.36 
59 .bL 
7’) .72 

I?O.“P 

0.47 12367 
0.46 12178 
0.47 12155 
0.4R 12123 
6.)5 1ZD”Z 
0.99 1199F 
0.50 11974 
CL.50 11969 
g.51 1,940 



_.,- “I, ,.. , 2 ~. 

P.O. BOX 28 
Homa c,t. 15748 
411.479.; 

CertlJYcare of Analysis 

arcri:ation: La3 NC.: ~‘CIIDOCILI 
V”OYING-L”30nK scerr f;“‘f”;41‘i i r0.s: cc INC 
LAY C3riL LIi(L’AT1JX Sti7DLLId: c9/25/90 
41031 CRlliHl’l 1” ,,,9” Y /, Cr-ass wt.: 6‘5.4000 Kg 

r,PZYITI 
SIN* iL3rT 
----- ----_- 

. i 5 Ii 

.300 

.15i 

.VGO 

.sc3 

.;oo 

.LC3 
C,b 

.2,c 

.A$> 

.“,S 

. ‘i : : 

, ‘ .: ‘3 
, iii 3 
. ; *, :J 

. i ‘1 I 

l”“ar,’ i;, 1’“? 

‘T ii/L.’ I c, 1 i L i. , !I 
- _ _ _ - - - _ - - _ - - - - - 

. :, 3 : ‘, .F ? 
I 0 10 i, ;.91 
ii ,,F. 1 ‘.7<, 
. : b (. ? .‘.,” 
i : c 7 I i.41- 

7i.27 Y.“, 
cl+5 I 1q.1’ 
,, c, 1 <, ,’ .iT 

5L 

PilgP 3 0, : 
R”“r”hrnv eanrr Colic.,,” ,$ d hhlli,., UI ,I,% c%,*nd PI*lll Ulltrr 5*stm 

Certificate of Analysis 

SO?,ylBT” 
_ - _ _ _ _ - _ 

L .?I 
[‘.18 
6.76 
r .R5 
C.“6 
9.4P 
1 .G’m 
1.53 

PO BOX 29 
Homar my. P.4 15748 
412-419-4011 

,~?I3 ?Io.: ‘Cl100015 
I ram: cc 1°C 
5,npled: cs125,90 
!iTOII tit.: 665.4CO” Kg 

GRA”,,” 
SISI( FLU&T 
- - - - - _ _ - _ _ _ 

1.250 
.25* 1..5CO 
.300 1.150 
.350 1.4co 
.*30 1.500 
-600 I.COC 
.a00 2.300 
-000 2.450 
.“50 

10.52 
25.86 
25.24 
33.43 

1.4+ 

0.80 
2.20 

S.clZ,t‘RT” 

i.CO 
!..92 

“.H, 
. . . 7 ‘I 
2.9P 
2.61 
L.CO 

15.54 
I“*.,? 

- _ - _ - - - - 

SOZ~PPT” 
-------- 

0.42 
0.84 
0.82 
0.87 
0.89 

0.9t 
1.55 



P.0 BOX 29 
Homer cw P.4 15748 
412.479.9011 

Certificate of Analysis 

:*Cri,tiO”: Lab kc’.: 
;“o*,NL-~“OCI~ STAP.S a91,u9i74:,2 FT06: 
?PY CJ4L L,SL?PTI3V SB”DLCd: 
9,201 LRUZHEC ,(i A/4” x , cross tit.: 

C.RbYIT” 
Z1Nk iLilCT 
- _ _ _ _ _ _ _ _ _ 

1.253 
250 1.5:5 
330 ,.%“a 
558 i.“:!, 
403 *.o:? 
13c ,.t:s 

cc 2.11’1 
LOO 2.4?,!, 
‘c5c 

:.cc 
; . 1: !, 
o.;:i 

o.cc 
J.2: 
0. i.1 
r,.a, 
:.‘I 
2 .4 1 
2.62 
1.44 
5.1: 

3.83 
2L.,i 

*,.?,A 
,;.,‘I 

I. 33 
1.22 

7 . : :’ 
II .>’ 
.~ I . 1 ! 
S,.l,’ 
r= . : ‘. 
t,y> . 1 ? i.72 

In u d r y 2 ~, , , 5 i.: 

Cerhficafe of Analysis 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - 
3Ti)lLii S”P,NSTli 

- - - _ _ - _ _ _ _ _ _ _ _ _ - 
11367 :.7n 
i2*3fi P.76 
I1947 O.P’, 
11573 “.$” 
13254 i .*a 

76 h3 I.Ri 
C’1 4.5’ 

,171 22.2: 
,c;ci 106.5 

G.AYITI 
SIN* FLOAT 

.----- ---_-- 
1.250 

I .25> 1.30C 
h3CJ 1.35c 
1.35: 1.903 
1.*0 I.602 
l.b”lj I.85i 
1.8UO 2.000 
2.000 2.“L 
2 .‘I56 



POT 80” 29 
Mmer Cl,“. PA 15748 
412-479~9011 

Cem~icare of Analysis 
P.“ns”Cania EIBE,,,C cornpan* 
HOmar C,,” Laboralor” f\ 

.SCTiUtiOC,: ,~ <> 3 N 0 . : SC11C301C~ 
I”3*,“G-Y”rJDb< sce3s v(1;;+;4:. Fro*: to IN‘ 
HAY C3bL LIELRPTIDN ‘amP,Pd: “?,25,T3 
T1GC1 CRUCHLL? TO 3)/i” Y : tiroas iit.: ‘65.4clOO Kc2 

inuarr 25. is<, 
PD. Box 29 
Homer 0,“. PA 15748 
412-479-9011 

Cerrificate of Analysis 2~~~~L~,~,~,~wm.” 
Lab ilc.: ‘U1I”O~,5 

~lOfiltG-K”,LP~ Si,‘YI ,;4~‘.cjL’q>c Fr3m: c2 1NC 
CAY co*L I,?E9A,ltN !ramG!lPC: ‘5/25/“0 
4,?“! C?“S’(F,i 70 ?,I*” Y i :.rc’ss ct.: Lh5.40”C KJ 
,JihL S4YPLL 

“iiiY,.,iP AC h!C,~, ix YI ‘: , 1 L\ p < 6 :, 5 [ 
.----____---____---____________ _________---- _-_.-________ 
: LSh ‘+.,:I 1.-7 
x Total Yoisturr 36.75 



I 

ii,““,, J,. ,‘P,, 

Cerrijcare of Analysis 
‘liii.‘l I:, ‘.bL”‘.;y 

wm Certificare of Analysis 

ercrio,ion: irb ho,: CG1,“L(1,6 I”OY,NG-YI”DIK :t AYT :3:,;~,L’iL, i TOT: cc INC 
HAY C34L LIEL?rlTIOV S*n”lCd: ns,2j,ra 
41iio1 :H”StlEo TO i/P” Y , lross it.: ihTi.?liOQ l(g 

FL3PT,SI”!.( CF PLJS RI i.,,?C SF F,CL,!C’.! RtP;;SEbT,NC %.07 % OF THT TOTAL Sb.WLi 
GRAVITY 

SINK FLOP, 
__-__ ___--_ 

1.25” 
.250 1.:00 
.a00 1.35” 
.350 1.4”U 
.‘100 1.603 
.600 1.BSO 
.*oo l.iiOC 
.000 2.‘itiD 
.*50 

._ ______- _ 
?,“ILh 

_ _ _ - - - _ _ 

1?375 
12263 
111156 
114rb 

926” 
I7HC 
(I 1.34 
.‘icZ, 
,766 

- - - - - - - _ 
c 0 2 , r a T I’ 
- - - - - - - _ 

3.12 
L.70 
Li.71 
1.04 
1.75 
:.a!> 
c.6.c 

.?c.o5 
,;cJ.c,i 

------------- C”H”LA,I”L FLOP ,----. 

YT I fist4 S”LF”R BTUILL! 
_ _ _ - _ _ - 

13.5’ 
5I.13 
t9 .*‘t 
‘5 .a> 
98.5: 
04.31 
99.60 
?9.3* 

l”D.OL 

,-----_- -------- 

4.03 “.Y* 
4.27 0.43 
).&Ll a.45 
4.h4 a.44 
5.J& 0.45 
5.80 0.46 
6.Cb 0.46 
‘.Z, 0.47 
6.3, 0.45 

- - - - - -- _ 

12575 
12299 
12211 
12169 
1207, 
12032 
12009 
11367 
1,970 

. _ - - _ - - - - 
SOZIII~T” 
----- --- 

0.72 
0.70 
cl.71 
c .773 
0.75 
0.76 
0.77 
0.79 
0.82 



,l”“l, iA, ,~.,L PD. BOi 29 nom38 w. PA 15748 412-419-9011 

Cerfr$cafe of Analysis P*nnr”rma Elarrns compmy 0 
wm Hornal CO” Labmeml; ‘vi 

~SCri;ti”“: iiib Yo.: 9?,l?Li?lts 
irOK*NG-YYOCr~ S’LMS ::‘!cG”;i‘3’,:, From: ‘0 INC 
Rbi COAL Llbi?~~ilO\l S,+‘?pl,.d: DP,25/90 
912:oL C?“S,i3 T(r 3,k” x c Gross tit.: 665.2603 K9 

ILDLIISINK OF L.hFIL hY n.15r ;m Fr‘CTItli ECP~CSENTING 5.57 x OF THL TOTAL SnHPLE 
GRAi’llY 

il uI( ii:&, 
. - - - _ - - - - _ - 

1.2fL 
.ZiG I.lUC 
,300 ,.i’,i 
.35c 1.4;: 
.YDO l.i,ZTr 

600 1.“c: 
.&‘OO 1.in3 
.sco :!.i!:- 
,450 

rage 3 01 7 

Rnn,*.nr E*“r.z co”uw m . L*mba 0, he e.c.s.i PUta. “Wll swm 

27 Y 
______ 

I.,” 

z.77 
I!<.*5 
i7.5, 

‘L.,l, 
:,T.“; 

‘,i.ii, 

;b.i!. 
i.>O.LL 

P.O. Bax 29 
Homer C,,“. PA 15148 
412-479-9011 

-[330 Cerrificate of Analysis 
4 Pen”r*l”an,a ElaC,.lC CO”.+‘“” ,b 
+\ Ham.r cm,* L.ta.lOi” 

GR&“IT” 
illGK FLD&T 
.---- ----_. 

1.250 
.250 I.300 
300 1.150 
,350 1.40D 
1400 1.b00 
,600 l.hGO 
,800 2.000 
.ooo 2.453 

- - _ _ - - - 

YT I 
_-___- 

0.71 
15.04 
52.5t 
27.0: 

I.,2 

1.09 
2.17 

_ _ _ - - - _ _ 

b.5” 
- - - - - - - _ 

0.“” 
3.47 
3.61 
‘i.Di 
4.c2 

79.71 
O.OC 

51.53 
74.‘,‘ 



I 



,liYdl, .,t* ,“‘I 
P.0 80” 29 
t.mler Cll”. PA 15148 
412-479-9011 

mm CerrrJcare of Anal.vsis 

.ICTi>, ior,: 123 M”.: 
wlOY,ht-L”3~A< Sims nir!:?224dc TFOTT: 
ht. co*i LIbc3*T13N Idm”L‘b: 
c,;ui C?“SHEC TO zliu >. ‘I ISS at.: 

GNAYIT” 
iv1 ‘L34T 
- - - _ _ _ _ _ _ _ 

I .2,” 
?55 1.3:: 
300 1.,-J: 
350 l.Q?O 
403 : .!,Z!, 

cij !.,i>Z 
k0S ?.;;a 
‘,9L ?.45i 
G>.; 

PaCc I Of i 

m”“,**,w b”rr cm.sw ” a *mta 0, ml c.“W.l Pti,C “ml, S”,ISrn 

,““iaC, 1;. !‘,‘I 

Certlficale of Anal.vsis 

PRO BW 29 
Hame, cny. PA 15’48 
412-419-4011 

Pann,“l”m,a ~*rmr co”vm* c;, 
b,la, Cl,” Labormor” +“a 



3SCTi3ti3”: 
rltiC,!“$-IYOb‘< SLsni J!U[:~~>L.: 
XL, CGPL ;,kilA,l3u 
Y1JS1 c?“:,L3 Tel 2iIr x i, 

Cerfificate of Analysis 

co~!Pi:r,,L Y’Sh;!L:,I c:.:,L”s,s 0: i’L us 

7.71 
3; .i. 
41 .hi 
1, .u; 

i .,r. 
: . 7 5 
: .i 1 
! .L1 

3 .L,i 
5 . I ” 
4 . : 5 

Il.,’ 
:2.:it 
“*I.:!, 
f, s;~ . :: : 
7 /- . : 7 

c.5, !L’SbL 
2.4:. ,r::;,; 
; . ‘r b I ; 3 :! i 
:> . i Q : ” / 7 , 
::.“I ,$‘? 
1.41: !,:I”: 
.‘ . I7 .“‘I T, 
’ . L. 4 I !, :. I 

Cerrificafe of Analysis 



APPENDIX E 

Plant and Component Yields 



PIANT YIELD CALCULATION - HMC/WOC/FF FLOWSHEET 1 

PLANT FEED (tph) 
+28M (Wt %] 4 1003 - Plant Feed 

HMC YIELD 
HMC Feed (tph) 
Refuse Ash (Wt %) 
Clean Coal Ash (Wt %) 
Feed Ash (Wt %) 
Yield - Ash Balance (Wt %) 
Yield (tph) 

4 1040 - Refuse D&R (+ 28M) 
41037 -CC D&R (+28M) 
41004 - Deslime OF (+28M) 

WOC YIELD 
WOC Feed (tph) 
Refuse Ash (Wt %) 
Clean Coal Ash (Wt %) 
Feed Ash (Wt %) 
Yield - Ash Balance (Wt %) 
Yield (tph) 

41011 - Second WOC UF 
41007 - Prim WOC OF 
41005 _ Deslime UF 

VARISIEVE YIELD 
V&sieve Feed (tph) 
Refuse Ash (Wt 96) 
Clean Coal Ash (Wt %) 
Feed Ash (Wt %) 
Yield - Ash Balance (Wt %) 
Yield (tph) 

Varisieve Effluent 
Varisieve Cake 
41007 . Prim WOC OF 

2.04 
46.23 

7.00 
27.61 
47.46 

0.97 

THICK CYCLONE YIELD 
Thick Cyclone Feed (tph) 
Refuse Ash (Wt %) 
Clean Cool Ash (Wt %) 
Feed Ash (Wt %) 
Yield - Ash Balance (Wt %) 
Yield (tph) 

41026 - Thick Cyclone OF 
4 1028 _ FF Feed 
Vorisieve Effluent 

1.07 
49.43 
38.65 
46.23 
29.68 

0.32 

FF YIELD 
FF Feed (tph) 
Refuse Ash (Wt %) 
Clean Coal Ash (Wt %) 
Feed Ash (Wt %) 
Yield - Ash Balance (Wt %) 
Yield (tph) 

41030 - FF UF 
41029 . FF OF 
41028 - FF Feed 

0.32 
41.66 

8.61 
38.65 

9.11 
0.03 

BIRD CENTRIFUGE YIELD 
Bird Feed (tph) 
Refuse Ash (Wt %) 
Clean Coal Ash (Wt %) 
Feed Ash (Wt %) 
Yield - Ash Balance (Wt %) 
Yield - Corrected 
Yield (tph) 

Bird Effluent 
Bird Product 
(Calculated) 

1 .oo 
58.95 
14.89 

7.05 
117.80 
100.00 

1 .oo 

PLANT YIELD (tph) 12.49 
PLANT YIELD (Wt %) 82.42 

15.15 
84.29 

12.77 
62.92 

4.95 
10.76 
89.98 
11.49 

2.38 
49.00 
27.61 
30.69 
85.60 

2.04 



PLANT YIELD CALCUIATION - HMC/WOC/FF FLOWSHEET 2 

. PLANT FEED (tph) 
+ 28M (wt %) 

HMC YIELD 
HMC Feed (tph) 
Refuse Ash (Wt %) 
Clean Coal Ash (Wt %) 

4 1003 - Plant Feed 

41040 _ Refuse D&R (+28M) 
41037 - CC D&R (+28M) 

Feed Ash (Wt %) 
Yield _ Ash Balance (Wt %) 
Yield (tph) 

41004 - Deslime OF (+28/v+) 

WOC YIELD 
WOC Feed (tph) 
Refuse Ash (Wt %) 
Clean Coal Ash (Wt %) 
Feed Ash (Wt %) 
Yield - Ash 8olance (Wt %) 
Yield (tph) 

41011 _ Second WOC UF 
4 1007 _ Prim WOC OF 
41005 - Deslime UF 

VARISIEVE YIELD 
Vorisieve Feed (tph) 
Refuse Ash (Wt %) 
Clean Coal Ash (Wt %) 
Feed Ash (Wt %) 
Yield - Ash Balance (Wt %) 
Yield (tph) 

THICK CYCLONE YIELD 
Thick Cyclone Feed (tph) 
Refuse Ash (Wt %) 
Clean Coal Ash (Wt %) 
Feed Ash (Wt %) 
Yield - Ash Balance (Wt %) 
Yield (tph) 

FF YIELD 
FF Feed (tph) 
Refuse Ash (Wt %) 
Clean Coal Ash (Wt %) 
Feed Ash (Wt %) 
Yield - Arh Balance (Wt %) 
Yield (tph) 

BIRD CENTRIFUGE YIELD 
Bird Feed (tph) 
Refuse Ash (Wt %) 
Clean Coal Ash (Wt %) 
Feed Ash (Wt 96) 
Yield - Ash Balance (Wt %) 
Yield - Corrected 
Yield (tph) 

PLANT YIELD (tph) 12.06 
PLANT YIELD (Wt %) 80.11 

l Calculated 

Varisieve Effluent 
Varisieve Coke 
41007 _ Prim WOC OF 

41026 - Thick Cyclone OF’ 
41028 - FF Feed 
Varisieve Effluent 

41030 _ FF UF 
41029 - FF OF 
41028 - FF Feed 

Bird Effluent 
Bird Product 
(Calculated) 

15.06 i.0 
80.92 ,. 6 

12.91 !.3 
49.53 I.1 

4.40 i.5 
8.66 ‘.O 

90.56 I.9 
11.04 .6 

2.87 1.7 
42.68 I.5 
26.04 1.3 
31.63 I.3 
66.41 1.9 

1.91 ‘.6 

1.91 ‘.6 
43.78 ..4 

4.46 ‘.9 
26.04 i.3 
45.12 1.9 

0.86 .3 

1.05 .3 
46.57 .2 
37.57 ‘.4 
43.78 .4 
31 .oo .5 

0.32 .4 

0.32 
69.35 

8.40 
37.57 
52.14 

0.17 

1.03 .4 
45.17 .O 

5.03 .O 
5.11 .7 

99.81 .9 
99.81 .O 

1.03 .4 

.l 

.8 

.4 

.4 

.5 

.4 

.3 

.O 


